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COMMENTS OF AT&T INC.
INTRODUCTION AND SUMMARY

AT&T Inc. (“AT&T”) respectfully submits the following comments in response to the
Commission’s seventh inquiry® concerning the deployment of advanced telecommunications
capability to all Americans pursuant to Section 706 of the Telecommunications Act of 1996
(“1996 Act”).?

This seventh inquiry presents the Commission with an opportunity to correct its finding

in the Sixth Broadband Deployment Report that broadband was not being deployed on a

! Inquiry Concerning the Deployment of Advanced Telecommunications Capability to All
Americans in a Reasonable and Timely Fashion, and Possible Steps To Accelerate Such
Deployment Pursuant to Section 706 of the Telecommunications Act of 1996, as Amended by the
Broadband Data Improvement Act, Seventh Broadband Deployment Notice of Inquiry, GN
Docket No. 10-159, FCC 10-148 (rel. Aug. 6, 2010) (“NOI™).

2 Because the Commission has traditionally focused on broadband provided to residential and
small business customers in its 706 inquiries, AT&T directs these comments primarily to
addressing issues that affect those market segments, unless otherwise noted. In addition,
throughout these comments, “broadband” is used interchangeably with “advanced
telecommunications capability” and is used to describe high-speed Internet services generally,
regardless of whether they meet the speed threshold adopted in the Sixth Broadband Deployment
Report (i.e., 4 Mbps downstream/1 Mbps upstream).



reasonable and timely basis. Although that conclusion reversed more than a decade of
Commission findings that broadband deployment was reasonable and timely, there was no
radical drop off in the deployment or availability of broadband to justify that about-face — to the
contrary, the Commission’s own analysis showed that 95 percent of housing units had broadband
access and that there was continued improvement with respect to each of the broadband metrics
the Commission has traditionally considered. But rather than finding broadband deployment to
be reasonable and timely for 95 percent of housing units, while acknowledging the existence of
some areas where deployment is lacking and that further Commission action may be needed, the
Commission instead broadly concluded in the Sixth Report that “broadband” was not “being
deployed” to “all Americans” on a “reasonable and timely” basis by changing its mind about
what those terms mean and adopting new definitions that permit no other result. Under the
Commission’s new approach, deployment for the 95 percent of housing units that have access to
broadband today is essentially irrelevant to its analysis; so long as at least one American
household does not have broadband available, the Commission’s new approach would mandate a
blanket finding that broadband deployment is not reasonable and timely in the United States.

To be sure, there are still some remote areas — typically rural pockets that are extremely
costly to serve — where, as the Commission has recognized, no viable business case appears to
support the future deployment of certain terrestrial broadband technologies. But that fact is not
inconsistent with what Congress would likely have expected, particularly given the historical
difficulty of delivering many types of goods and services to such segments of the population.
Critically, however, the fact that broadband deployment has proven challenging to a small

segment of the population does not and cannot support a blanket conclusion that, overall,



broadband deployment is untimely or unreasonable. To the contrary, the existence of these
limited areas would at most justify a targeted negative finding with respect to those areas alone.

Whatever conclusion the Commission reaches with respect to those discrete areas that
still lack access to certain broadband technologies and that are unlikely to attract private
broadband investment going forward, the Commission should find that broadband deployment is
otherwise both reasonable and timely. Indeed, broadband deployment is at an all-time high, and
all signs point to growing investment, competition, availability, adoption, and use of broadband
technologies. The evidence further demonstrates that the marketplace has succeeded in
delivering broadband speeds that give consumers access to the services they demand. The
Commission’s own analysis demonstrates, for example, that approximately 95 percent of U.S.
housing units have access to wireline broadband that meets the Commission’s “aggressive”
definition of broadband (4 Mbps downstream/1 Mbps upstream). This same analysis further
shows that another 3 percent of the population has access to broadband speeds that, while
slightly slower, are still more than sufficient to permit consumers to access the services they
most demand.

Moreover, with respect to the inquiry that matters most under Section 706 — whether
broadband is “being deployed” (as opposed to whether it is already available) — the evidence is
more convincing still. There is massive ongoing investment in next-generation wireline
broadband technologies that will provide even greater speeds to large swaths of the population.
AT&T, Verizon, and others have invested heavily to make FTTx services available to tens of
millions of homes. And cable operators are also now far along in the process of making very

high-speed DOCSIS 3.0 technology available to their subscribers.



The massive growth of wireless broadband services — which the Commission largely
excluded from the analysis in the Sixth Report — further compels the conclusion that broadband
deployment is generally reasonable and timely. At least 98 percent of the U.S. population now
has access to 3G wireless broadband services, which has ushered in a wireless broadband
revolution that has spawned myriad devices, applications, and services ranging from
smartphones to tablets and netbooks to e-readers and more. The four national wireless carriers
also are investing tens of billions of dollars a year to expand 3G and now 4G services. And new
wireless entrants like Clearwire and LightSquared (the recently announced venture backed by
Harbinger Capital Partners) are building new, advanced wireless networks that will further
enhance broadband availability and competition. Indeed, Clearwire alone already offers service
to 60 million people and expects to cover up to 120 million by the end of this year. Wi-Fi is
more widespread in the United States than anywhere in the world and also continues to expand,
with cable operators and other entities now deploying such networks. And new, faster satellite
broadband services also are in the process of being deployed by ViaSat (and its WildBlue
subsidiary) and Hughes Network Systems.

These facts compel the conclusion that, under any reasonable interpretation of Section
706, “advanced telecommunications capabilities” are “being deployed” on a “reasonable and
timely” basis. Although some parties undoubtedly will argue that wireless broadband or even
certain types of wireline broadband should be excluded from the analysis because they do not
meet the Sixth Report’s broadband definition (4 Mbps downstream/1 Mbps upstream), the
Commission should reject these claims and reset its definition of broadband to comport with
marketplace realities. Although demand for upstream bandwidth is likely to continue growing,

1 Mbps upstream exceeds what is required for even some of the most bandwidth-intensive



applications, such as online gaming. These services work perfectly adequately over broadband
technologies, such as many existing DSL service offerings in the market today, that are
configured with 768 Kbps upstream speeds. The Commission’s definition of broadband should
therefore include these offerings in the analysis of where broadband is available.

Finally, with respect to those areas that lack access to certain broadband technologies
today and that current business models are likely to leave unserved in the near future, there are
several steps the Commission can take to help accelerate deployment. As AT&T has previously
explained, the two most important steps are to reform the nation’s dated universal service
policies and to reallocate additional spectrum for broadband. In no case, however, should the
Commission let the tail wag the dog and conclude that, based on the absence of certain levels or
types of broadband to a small sliver of households, a far-reaching new national regulatory
regime, such as some form of net neutrality regulation or Title Il “reclassification,” is required.
The Commission should instead correct the mistakes made in the Sixth Report, adopt a
reasonable interpretation of the mission of Section 706, find that broadband is generally being
deployed on a reasonable and timely basis, and expeditiously take targeted action to address
those limited areas where broadband is not likely to become available through market forces
alone.

l. BROADBAND IS BEING DEPLOYED ON A REASONABLE AND TIMELY
BASIS

The ultimate inquiry under Section 706(b) of the 1996 Act is whether “advanced
telecommunications capability is being deployed to all Americans in a reasonable and timely
fashion.”® The statute defines “advanced telecommunications capability” not with respect to any

particular technology or numerical speed threshold, but in terms of the services that consumers

347 U.S.C. § 1302(b).



seek to access, namely “high-speed, switched, broadband telecommunications capability that
enables users to originate and receive high-quality voice, data, graphics, and video
telecommunications using any technology.™

In the Sixth Report, the Commission adopted as a proxy for the statutory definition a
numerical measure that requires 4 Mbps downstream and 1 Mbps upstream, based on a finding
that “consumer applications and expectations have evolved in ways that demand increasing
amounts of bandwidth.”™ But even under that more aggressive definition, broadband is being
deployed on a reasonable and timely basis, as the Commission’s own analysis confirms.
Moreover, under a definition that more accurately reflects the language and spirit of the statute,
broadband deployment is even more advanced. Although there continue to be some remote areas
without certain terrestrial broadband technologies and where the economics make near-term
deployment unlikely, those areas do not support a blanket finding that broadband is not being
deployed on a reasonable and timely basis, but at most support a limited negative finding as to
those geographic areas.

A Virtually All U.S. Households Already Have Access to Broadband That

Meets the Commission’s Own Aggressive Definition of Broadband, and
Additional Broadband Deployment Is Continuing at a Healthy Pace

The private sector has invested hundreds of billions of dollars to build broadband
networks from coast to coast over a variety of different fiber, copper, cable, wireless, satellite,

and other platforms, and has created the broadband-enabled services, applications, and content to

1d. § 1302(d)(1).

> NOI 1 4. The Commission has acknowledged that “[a] universalization target of 4 Mbps
download and 1 Mbps upload is aggressive. It is one of the highest universalization targets of
any country in the world.” FCC, Connecting America: The National Broadband Plan, at 135
(Mar. 2010) (“National Broadband Plan”).



fill those networks.® As a result, broadband is now widely available. Just as important under the
statute, however, broadband investment also is continuing to occur at a significant pace, which is
all the more impressive given the economic downturn that has diminished private investment
throughout much of the economy.

1 Wireline Broadband Is Widely Available from a Range of Providers,

and There Is Massive Investment in Next-Generation Wireline
Broadband Networks

According to the Commission’s own most recent analysis, approximately 95 percent of
American housing units currently have access to wireline broadband that meets the
Commission’s aggressive definition of at least 4 Mbps downstream and 1 Mbps upstream.’
Many additional households have access to broadband at speeds that, while not strictly meeting
this definition, are more than adequate to give consumers access to the services they demand.®
The analysis further shows that consumers have multiple existing wireline broadband
alternatives and that there is significant ongoing investment to expand the availability and speeds

of wireline broadband.

®See, e.g., NTIA, U.S. Dep’t of Commerce, Networked Nation: Broadband in America 2007, at
32-34 (Jan. 2008),
http://www.ntia.doc.gov/reports/2008/NetworkedNationBroadbandinAmerica2007.pdf.

" See Inquiry Concerning the Deployment of Advanced Telecommunications Capability to All
Americans in a Reasonable and Timely Fashion, and Possible Steps To Accelerate Such
Deployment Pursuant to Section 706 of the Telecommunications Act of 1996, as Amended by the
Broadband Data Improvement Act, Sixth Broadband Deployment Report, GN Docket Nos. 09-
137 & 09-51, FCC 10-129, { 1 (rel. July 20, 2010) (“Sixth 706 Report”); National Broadband
Plan at 157 nn.6, 7; FCC, The Broadband Availability Gap, OBI Technical Paper No. 1, at 17
(Apr. 2010) (“Broadband Availability Gap Paper”).

® See Broadband Availability Gap Paper at 17, Exh. 2-A.



Broadband service from cable providers is available to 92 percent of U.S. households,’ at
speeds typically ranging from 1 to 15 Mbps downstream and 256 Kbps to 10 Mbps upstream.™
According to the Commission’s analysis that uses 14-month-old data, DSL service is available to
85 percent of homes where incumbent LECs offer local telephone service,'* at speeds typically
ranging from 768 Kbps to 7.1 Mbps downstream and 128 Kbps to 768 Kbps upstream.*? In
addition, by the end of 2010, fiber-based broadband (FTTx) that promises much higher speeds
(up to 50 Mbps downstream and 35 Mbps upstream, or more) will be available to more than 40

percent of homes.™® The Commission’s recently released Form 477 data indicate that

% See NCTA, Industry Data: Availability (as of June 2010),
http://www.ncta.com/StatsGroup/Availability.aspx; see also Ind. Anal. & Tech. Div., Wireline
Comp. Bur., FCC, Internet Access Services: Status as of June 30, 2009, at 40, Table 19 (Sept.
2010) (“June 2009 High-Speed Report”) (reporting cable modem availability to 96 percent of
residential premises where cable TV service is available, as of June 2009).

19 5ee, e.g., Marci Ryvicker & Timothy Schlock, Wells Fargo Securities, Cable: “Naked” HSD
Provides Sign. Upside Pot’l, at 5, 7, 10 (Aug. 24, 2010); Time Warner Cable, Popular Packages:
Rates and Policies: Brooklyn/Queens 1/10,

http://www.timewarnercable.com/MediaL ibrary/4/50/Content%20Management/Documents/
Learn/Rates_BrooklynQueens_Jan10.pdf (Internet service packages with upload speeds of 256
Kbps, 512 Kbps, 768 Kbps, and 1 Mbps); Comcast, High-Speed Internet: Speed Comparison,
http://www.comcast.com/Corporate/Learn/HighSpeedInternet/speedcomparison.html (10 Mbps
upload speeds).

1 See June 2009 High-Speed Report at 40, Table 19.

12 See David W. Barden et al., Bank of America/Merrill Lynch, Battle for the Bundle: Cable
Keeps the Pressure on Telco, at 12, Table 6 (July 20, 2010).

13 See Jessica Reif Cohen et al., Bank of America/Merrill Lynch, Battle for the Bundle: Best of
Times . .. Worst of Times, at 9, Table 5 (Aug. 23, 2010) (estimating telco fiber reach to 41
percent of households by YE 2010); AT&T, AT&T U-verse High Speed Internet,
http://www.att.com/u-verse/explore/internet-landing.jsp (Internet service plan options with
download speeds ranging from 3 Mbps to 24 Mbps); Qwest, Internet/DSL,
http://www.gwest.com/residential/internet/broadbandlanding/index.html (Internet service plan
options with download speeds ranging from 7 Mbps to 40 Mbps); Verizon, FiOS Internet,
http://lwww?22.verizon.com/Residential/FiOSInternet/Plans/Plans.htm (Internet service plan
options with download speeds ranging from 15 Mbps to 50 Mbps); Verizon News Release, New
Verizon FiOS Bundles Deliver Unprecedented Two-Way-Fast Internet Speeds and More High-
Def TV Choices (Jan. 18, 2010), http://newscenter.verizon.com/press-releases/verizon/2010/new-
verizon-fios-bundles.html (symmetrical 35/35 Mbps speed).



approximately 96.6 percent of census tracts have two or more providers of fixed broadband
service, and that 80.7 percent of census tracts have three or more providers.* These data further
show that 92 percent of census tracts have two or more providers of residential ADSL, cable
modem, and/or fiber, and 56 percent have three or more providers.® Thus, not only is fixed
broadband widely available, it is offered by multiple competing providers.

In addition to the fact that some form of wireline broadband already is available to the
overwhelming majority of American households, with respect to the inquiry that matters most
under Section 706 — whether broadband is “being deployed” (as opposed to whether it is already
available) — the evidence is more convincing still. The Columbia Institute for Tele-Information
has estimated that broadband providers will invest more than $240 billion between 2008 and
2015, or approximately $30 billion annually.'® The Commission’s most recent data show that, in
the first six months of 2009, fiber connections increased by 23 percent, “the largest rate of
increase among fixed-location technologies.”*’ Verizon has stated that it will invest $23 billion

to make FiOS available to 18 million premises in 2012.*® Similarly, AT&T is investing billions

14 See June 2009 High-Speed Report at 30, Table 13.
> Seeid.

16 See Robert C. Atkinson & Ivy E. Schultz, Columbia Institute for Tele-Information, Broadband
in America, Preliminary Report Prepared for the Staff of the FCC’s Omnibus Broadband
Initiative, at 66, Table 15 (Nov. 11, 2009).

" FCC News Release, FCC Releases New Data on Internet Access Services (Sept. 2, 2010); see
June 2009 High-Speed Report at 4.

18 See Verizon Investor Quarterly, First Quarter 2010, at 8 (Apr. 22, 2010),
http://investor.verizon.com/financial/quarterly/vz/1Q2010/1Q10Bulletin.pdf?t=63414636967354
1108; Thomson StreetEvents, VZ — Verizon at Oppenheimer & Co. Telecommunication, Media
& Technology Conference, Final Transcript, at 8 (Aug. 11, 2010),
http://investor.verizon.com/news/20100811/20100811_transcript.pdf (statement by John Killian,
Verizon Communications Inc. Exec. VP and CFO: “Our end objective is to build to about 18
million. We will probably get to the 18 million in 2012, somewhere in that range.”). As of June
30, 2010, Verizon’s FiOS network passed 15.9 million homes and businesses (including portions



of dollars in 2010 to expand the availability of its fiber-based U-verse service to reach 30 million
homes by the end of 2011.* Qwest plans to spend approximately $900 million to pass more than
4.5 million households with fiber-to-the-node by the end of 2010, and to continue at the pace of
adding at least 1 million households per year.” As a result of these various investments, analysts
estimate that advanced offerings of 24-50 Mbps downstream and 896 Kbps to 35 Mbps upstream
will be available from AT&T, Verizon, and Qwest to 41 percent of U.S. households by the end
of 2010, and to 47 percent by the end of 2012.%

In addition to these fiber deployments, each of the major cable operators is deploying
DOCSIS 3.0, as well as expanding the reach and speeds of earlier DOCSIS versions. IDC

estimated that, at the end of 2009, approximately 40 percent of cable operators’ networks were

sold to Frontier Communications). See Verizon, Verizon FiOS — Fact Sheet,
http://newscenter.verizon.com/kit/fios-symmetrical-internet-service/all-about-fios.html.

19 See Todd Spangler, AT&T’s U-verse TV Gets into ‘Bonding’, Multichannel News (July 19,
2010), http://mww.multichannel.com/article/454902-

AT _T s U verse_TV_Gets_Into_Bonding_.php (citing AT&T senior vice president of U-verse
field operations Randy Tomlin); AT&T News Release, AT&T Delivers Double-Digit Earnings
Growth in Second Quarter, Raises Full-Year Outlook (July 22, 2010),
http://www.att.com/gen/press-
room?pid=18142&cdvn=news&newsarticleid=30971&mapcode=financial; see also Niraj Sheth,
AT&T Rethinks U-Verse Spending After FCC Move, WSJ.com (June 15, 2010),
http://online.wsj.com/article/NA_WSJ_PUB:SB100014240527487040098045753087401371596
22.html (citing AT&T CEO Randal Stephenson’s comment that AT&T spends a “couple billion”
dollars a year on U-verse).

20 see Qwest Communications at Oppenheimer & Co. Telecommunication, Media & Technology
Conference, Final FD (Fair Disclosure) Wire, Transcript # 081110a3261531.731 (Aug. 11, 2010)
(statement by Qwest Senior VP of Investor Relations Kurt Fawkes).

%! See, e.g., Qwest, Compare Qwest High-Speed Internet Plans,
http://www.qwest.com/residential/internet/broadbandlanding/compare_plans.html (upstream
speeds starting at 896 Kbps); Verizon News Release, New Verizon FiOS Bundles Deliver
Unprecedented Two-Way-Fast Internet Speeds and More High-Def TV Choices (Jan. 18, 2010),
http://newscenter.verizon.com/press-releases/verizon/2010/new-verizon-fios-bundles.html
(symmetrical FiOS Internet speeds of up to 35/35 Mbps); Jessica Reif Cohen et al., Bank of
America/Merrill Lynch, Battle for the Bundle: Best of Times . . . Worst of Times, at 9, Table 5
(Aug. 23, 2010) (estimating fiber reach).
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upgraded to DOCSIS 3.0.22 Comcast now reaches more than 80 percent of its footprint with
DOCSIS 3.0, allowing the company to “double the speeds to [its] existing customers and
introduce new, higher speed services like 50 megabits to more than 40 million homes.”*® Time
Warner Cable has deployed DOCSIS 3.0 service in New York City, Dallas, Cincinnati, Buffalo,
and Syracuse, with plans to deploy in Charlotte in the near future.* Cox has deployed DOCSIS
3.0 to more than 40 percent of its footprint, and plans to expand to more than two-thirds by the
end of 2010.°> Charter has deployed DOCSIS 3.0 to approximately 30 percent of its footprint,
and plans to expand to approximately half of its footprint by the end of 2010.%® Cablevision has
deployed DOCSIS 3.0 across the 5 million homes in its footprint.?’ Analysts estimate that, as a

result of these investments, advanced offerings of 50 Mbps or more downstream will be

°2 see Amy Lind, IDC, Market Analysis: U.S. Consumer Broadband Services 2010 — 2014
Forecast, at 6 (May 2010).

2% FactSet CallStreet, Comcast Corp. — Q2 2010 Earnings Call, Corrected Transcript, at 1-2 (July
28, 2010), http://files.shareholder.com/downloads/CMCSA/986390536x0x391044/44148c7-
a69e-4b94-9753-909a5f680991/Comcast_Transcript_7.28.10.pdf (statement by Comcast
Chairman and CEO Brian Roberts); see also Thomson StreetEvents, CMCSA — Comcast
Presentation at the Bank of America Merrill Lynch US Media Conference in London, Final
Transcript, at 7-8 (June 10, 2010),
http://files.shareholder.com/downloads/CMCSA/986390536x0x383063/425658d6-9c54-41b8-
bf8e-f5946d695395/Comcast_BOAtranscript_6.21.10.pdf (Comcast reports that “close to 20% of
[its] customers . . . take services that are 16 MB or above,” and the company will begin to offer
100 plus MB product as [it] finish[es] the deployment of DOCSIS 3.0.”) (statement by Comcast
Senior VP of Investor Relations Marlene Dooner).

2 See Mike Farrell, Hobbs: TWC Adapts to Its Customers, Multichannel News (May 24, 2010),
http://www.multichannel.com/article/452977-Hobbs_ TWC_Adapts_To_lIts_Customers.php.

2% See Cox Launches 50/5 Internet Speeds in Connecticut with DOCSIS 3.0, PRNewswire (Aug.
12, 2010), http://www.prnewswire.com/news-releases/cox-launches-505-internet-speeds-in-
connecticut-with-docsis-30-100540104.html.

%6 See Charter News Release, Charter Reports Second Quarter 2010 Financial and Operating
Results, at 3, 5 (Aug. 4, 2010), http://phx.corporate-ir.net/External.File?
item=UGFyZW50SUQINTYONjR8Q2hpbGRIRDOtMXxUeXBIPTM=&t=1.

%" See CableLabs, D3 — DOCSIS 3.0,
http://www.cablelabs.com/cablemodem/downloads/docsis_30.pdf.
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available from cable companies to 62 percent of U.S. households by the end of 2010, and to 89
percent of U.S. households by the end of 2012.%
2 Multiple Wireless Broadband Alternatives Are Likewise Widely

Avallable, and There Is Exploding Investment from Existing
Providers and New Entrants

Wireless broadband also is widely available from a range of providers and technologies.
As with wireline broadband, moreover, there is enormous new investment in wireless broadband
that is extending the reach and expanding the speeds of these services.

The Commission’s most recent analysis shows that 98.1 percent of the U.S. population
has 3G wireless coverage from one or more providers, and 89.5 percent is covered by two or
more providers.” Consistent with this rapid growth, the United States is the largest smartphone
market in the world, accounting for approximately 23 percent of global smartphone shipments in
the second quarter of 2010.*° As numerous analysts have recently noted, data traffic is now
migrating rapidly from wireline to wireless traffic — just as occurred with voice traffic in the

previous decades.®* Clearwire reports that, “[o]n average, [its] mobile 4G customers are using

%8 See Jessica Reif Cohen et al., Bank of America/Merrill Lynch, Battle for the Bundle: Best of
Times . .. Worst of Times, at 9, Table 5 (Aug. 23, 2010).

%9 See Implementation of Section 6002(b) of the Omnibus Budget Reconciliation Act of 1993,
Fourteenth Report, WT Docket No. 09-66, FCC 10-81, 45, Table 7 (rel. May 20, 2010); see
also Broadband Availability Gap Paper at 74 (citing industry data estimating 97.8 percent
coverage).

%0 gee Richard Dineen, HSBC, US Telecoms, at 4 (Aug. 4, 2010) (citing Canalys estimates).

%! See, e.g., Simon Flannery et al., Morgan Stanley, 1Q Tracker: Earnings Revisions Turn
Positive, Macro Outlook Improved, at 26 (May 27, 2010) (“[W]e have entered the early stages of
wireless displacement of broadband (particularly DSL) with laptop cards, smartphone, tethering
of 3G devices etc.”); Simon Flannery & Sean Ittel, Morgan Stanley, Wireless Data: The Torch
Passes from Voice to Data, at 15 (June 1, 2010) (“Through low-price operators like Clearwire
and Leap, we are seeing the early stages of wireless broadband substitution.”); Jason Armstrong
et al., Goldman Sachs, Combining Telco/Cable; Cable = Cautious, CMCSA (Buy), DISH (Sell),
at 17 (Sept. 8, 2009) (“Similar to substitution in the wireless voice market, technology on
wireless data will evolve to make it more of a competitive threat to wired broadband.”); Jessica

12



more than 7 GB of data per month,”*?

which, according to Commission analysis, places them
among the heaviest 25 percent of broadband consumers in the United States.*®

Satellite-based broadband, as the Commission’s Omnibus Broadband Initiative technical
paper recently noted, also “can provide service to almost any subscriber regardless of location
and at roughly the same cost, [and] could be an attractive part of the overall solution” for
unserved areas.** ViaSat’s WildBlue satellite broadband service is “available in virtually every
location across the contiguous United States,” “even in rural areas.”> Hughes Network Systems
“has developed a consumer broadband service that reaches all 50 states, Puerto Rico and parts of
Canada.”®®
At the same time, investment in new terrestrial wireless broadband networks is

exploding. From 2001 through 2008, wireless carriers invested a combined average of $22.8

billion per year.®” AT&T is upgrading its 3G network with HSPA+, and plans to begin technical

Reif Cohen & David W. Barden, Bank of America/Merrill Lynch, Battle for the Bundle: Cable
HSD - First Growth in Years, at 10 (Mar. 29, 2010) (estimating that “there were roughly 302k
wireless-only net additions in 2009. We project this to increase to 438k by 2010.”).

%2 Clearwire Press Release, Clearwire Extends 4G Leadership in the United States (Mar. 23,
2010), http://investors.clearwire.com/phoenix.zhtml?c=214419&p=irol-
newsArticle&ID=1404906&highlight= (statement by Clearwire CEO Bill Morrow).

% See FCC, Broadband Performance, OBI Technical Paper No. 4, at 6 & Exh. 4 (Aug. 2010).
% Broadband Availability Gap Paper at 5.

% WildBlue, Frequently Asked Questions, http://www.wildblue.com/aboutWildblue/gaa.jsp#1_1;
WildBlue, http://www.wildblue.com. WildBlue offers speeds up to 1.5 Mbps downstream and
up to 256 Kbps upstream. See WildBlue, WildBlue vs. Dial-Up,
http://www.wildblue.com/aboutWildblue/vs_dial_up.jsp.

% Comments of Hughes Network Systems, LLC, at 6, Connect America Fund, WC Docket No.
10-90 et al. (FCC filed July 12, 2010).

3" See Comments of CTIA — The Wireless Association at 22, Framework for Broadband Internet
Service, GN Docket No. 10-127 (FCC filed July 15, 2010). This does not include investments at
FCC auctions to acquire spectrum licenses, such as the $13.7 billion invested in 2006 and nearly
$19 billion invested in 2008. See id.
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trials of 4G Long-Term Evolution (LTE) in 2011.® AT&T’s 2010 capital expenditures include
an increase of approximately $2 billion in wireless network and backhaul investment to ensure
continued strong results in 3G network performance.*® Verizon Wireless, which spent $4 billion
in wireless capital expenditures in the first six months of this year, plans to deploy LTE in 25 to
30 markets covering 100 million people this year.*’ In 2012, Verizon Wireless will double the
number of markets that have LTE, and by the end of 2013 it plans to have its entire current 3G
footprint covered by 4G.** Deutsche Telekom/T-Mobile expects to spend about $3 billion in the
United States this year to deliver HSPA+ 3G service in 100 metropolitan areas covering 185
million people.** Sprint has invested more than $8.5 billion in its 4G WiMAX network,

including a 56 percent stake in Clearwire.** MetroPCS is currently conducting 4G LTE trials

%8 See Jason Hiner, A Step Closer to 4G: Verizon Moves to ‘User Trials’ in LTE, ZDNet (June
18, 2010), http://www.zdnet.com/blog/btl/a-step-closer-to-4g-verizon-moves-to-user-trials-in-
Ite/36011.

% see AT&T News Release, AT&T Selects LTE Equipment Suppliers (Feb. 10, 2010),
http://www.att.com/gen/press-room?cdvn=news&newsarticleid=30493&pid=4800.

%0 See Thomson StreetEvents, VZ — Q2 2010 Verizon Earnings Conference Call, Final
Transcript, at 4 (July 23, 2010),
http://investor.verizon.com/news/20100723/2Q10_VZ_transcript.pdf (statement by Verizon
Exec. VP and CFO John Killian); Verizon Wireless, LTE in Rural America: Deploying LTE,
http://aboutus.vzw.com/rural/Deploying.html.

*! See Verizon Wireless, LTE in Rural America: Deploying LTE,
http://aboutus.vzw.com/rural/Deploying.html.

%2 See Ragnhild Kjetland, T-Mobile Looks To Lag in Offering 4G Service, Bloomberg
Businessweek (Aug. 10, 2010),
http://www.businessweek.com/technology/content/aug2010/tc2010089 636192.htm; T-Mobile
Press Release, T-Mobile HSPA+ Network Now Delivers Broadest Reach of 4G Speeds in U.S.
(July 21, 2010), http://press.t-mobile.com/articles/t-mobile-HSPA-4G.

*% See Brad Graves, Wireless Carriers Race To Bring 4G Service to Market, San Diego Bus. J.
(June 7, 2010), http://www.sdbj.com/news/2010/jun/07/technology-sprint-takes-early-lead-
wimax-verizon-t/.
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and plans to launch service in selected metropolitan areas in the second half of 2010.* Leap
Wireless, which currently offers “Cricket Broadband,” a mobile broadband service with
download bursts up to 1.4 Mbps, is also conducting trials of 4G LTE.*®

There are also several new wireless entrants deploying 4G networks that will offer
downstream speeds of 6 Mbps or more, and upstream speeds of 1 Mbps or more.*® For example,
as of September 1, 2010, Clearwire’s domestic 4G network reached approximately 60 million
people.*’” Clearwire expects to cover up to 120 million people with its 4G network by the end of
2010.%® 1t also recently introduced “Rover: the nation’s first pay-as-you-go 4G mobile
broadband service,” which consists of a portable Wi-Fi hotspot (known as the “Rover Puck”)

that is wirelessly linked to Clearwire’s 4G network and can serve as an access point for up to

* See MetroPCS Press Release, MetroPCS Reports Second Quarter 2010 Results (Aug. 5, 2010),
http://investor.metropcs.com/phoenix.zhtml?c=177745&p=irol-
newsArticle&ID=1456731&highlight= (statement by MetroPCS Chairman, President, and CEO
Roger D. Linquist).

%> See Cricket, Broadband Plan Guide, http://www.mycricket.com/broadband/mobile-
broadband-plan-guide; Leap Wireless International, Inc., Form 10-Q, at 71 (SEC filed Aug. 6,
2010),
http://www.sec.gov/Archives/edgar/data/1065049/000095012310074445/a56626e10vq.htm.

“® See CLEAR, CLEAR Internet +,
http://www.clear.com/shop/services/mobile/?intcmp=shp_b_Irnmr_otg (up to 1.0 Mbps
upstream); Jesse Ward, Verizon Begins ‘Friendly’ LTE Field Trials, New Edge (June 21, 2010),
http://www.ntca.org/new-edge/wireless/verizon-begins-friendly-Ite-field-trials (reporting
Verizon Wireless LTE trials with 2-5 Mbps upstream).

" See Clearwire Press Release, Clearwire Brings CLEAR 4G to Boston (Sept. 1, 2010),
http://newsroom.clearwire.com/phoenix.zhtml?c=214419&p=irol-
newsArticle&ID=1465214&highlight=.

“8 See Clearwire Press Release, Clearwire Reports Strong Second Quarter 2010 Results (Aug. 4,
2010), http://newsroom.clearwire.com/phoenix.zhtml?c=214419&p=irol-
newsArticle&ID=1456460&highlight=.
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eight Wi-Fi-enabled devices simultaneously.”® Clearwire is backed by investments from Sprint,
Comcast, Time Warner Cable, Bright House Networks, Intel, and Google, and several of these
cable investors have themselves begun offering Clearwire’s service to their subscribers.® More
recently, Harbinger Capital Partners (run by billionaire Philip Falcone) announced it would also
deploy a 4G network using LTE technology, under the name LightSquared.>* The company
anticipates commercial launch in the second half of 2011,%% and is targeting coverage of 92
percent of the U.S. population by 2015.>® LightSquared expects peak download speeds of

between 15-30 Mbps.>

49 Clearwire Press Release, Clearwire Introduces Rover: Instant Gratification to the Internet
Addicted (Aug. 30, 2010), http://newsroom.clearwire.com/phoenix.zhtml?c=214419&p=irol-
newsArticle&ID=1464655&highlight=.

% See Comcast High-Speed2go, Frequently Asked Questions,
http://www.comcast.com/highspeed2go/#/faq; Comcast Press Release, Comcast Launches High-
Speed Wireless Data Service in Philadelphia (Nov. 4, 2009),
http://www.comcast.com/About/PressRelease/PressReleaseDetail.ashx?PRID=935 (Comcast
now offers Comcast High-Speed2go wireless broadband service in 20 metro areas (using a 4G
data card), with a nationwide roaming option using Sprint’s 3G network); Time Warner Cable,
4G Benefits, http://4gactivation.timewarnercable.com/benefits.html (Time Warner Cable
currently offers Road Runner Mobile 4G services to customers in 12 cities, with coverage
available in 21 cities, and plans to expand its offering to seven additional metro areas in 2010).

> See Comments of LightSquared Inc. at 2, Amendment of Parts 1, 22, 24, 27, 74, 80, 90, 95,
and 101 To Establish Uniform License Renewal, Discontinuance of Operation, and Geographic
Partitioning and Spectrum Disaggregation Rules and Policies for Certain Wireless Radio
Services, WT Docket No. 10-112 (FCC filed Aug. 6, 2010) (“LightSquared has committed
billions of dollars to the construction of a new nationwide integrated satellite and terrestrial
wholesale-only 4G broadband network.”).

%2 gee LightSquared, Network: Nationwide LTE Broadband Network,
http://www.lightsquared.com/what-we-do/network/.

%3 See LightSquared Press Release, Introducing LightSquared: Revolutionizing the U.S. Wireless
Industry (July 20, 2010), http://www.lightsquared.com/press-room/press-releases/introducing-
lightsquared-revolutionizing-the-u-s-wireless-industry-2/; see also Richard Dineen, HSBC, US
Telecoms, at 7 (Aug. 4, 2010).

>* See Victor Godinez, LightSquared Rolling Out Nationwide 4G with Help from Irving-Based
Nokia Siemens Networks, Dallas Morning News Tech. Blog (Aug. 11, 2010),
http://techblog.dallasnews.com/archives/2010/08/lightsquared-rolling-out-
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New satellite broadband services are also in the process of being deployed. Hughes
Network Systems, which has invested $400 million to launch the Jupiter satellite in early 2012,
estimates that “with capacity coming on line in 2011 and 2012 [satellite services] will be able to
serve approximately three million households at the targeted speeds” of 4 Mbps downstream and
1 Mbps upstream.”® Similarly, ViaSat, which owns WildBlue, is investing in the ViaSat-1
“media-enabled” satellite broadband system, which is scheduled to launch in the first quarter of
2011, with service scheduled for the second quarter of 2011.°° ViaSat claims that satellite
broadband is “[a]ble to serve any and all unserved households.”’

The availability of Wi-Fi — which is already more prevalent in the United States than
anywhere in the world — also is significant and increasing. There are now more than 76,000
Wi-Fi hotspots in the United States, spanning all 50 states, which represents approximately
one-quarter of all hotspots worldwide.”® Cable companies such as Comcast, Time Warner Cable,

and Cablevision are beginning to offer their wireline broadband customers free access at Wi-Fi

hotspots, which are “being added every day.”*® For its part, AT&T operates more than 20,000

natio.html?utm_source=twitterfeed&utm_medium=twitter (citing LightSquared Chief Marketing
Officer Frank Boulben).

> Comments of Hughes Network Systems, LLC, at 3, 7, Connect America Fund, WC Docket
No. 10-90 et al. (FCC filed July 12, 2010).

% See ViaSat, ViaSat-1, http://www.viasat.com/broadband-satellite-networks/viasat-1; Letter
from John P. Janka, Latham & Watkins LLP, to Marlene H. Dortch, FCC, Attach. at 2, GN
Docket No. 09-51 et al. (June 7, 2010).

57 etter from John P. Janka, Latham & Watkins LLP, to Marlene H. Dortch, FCC, Attach. at 1,
GN Docket No. 09-51 et al. (June 7, 2010).

%8 See JiWire, Wi-Fi Finder, http://v4.jiwire.com/search-hotspot-locations.htm (tracking 321,019
free and pay Wi-Fi locations worldwide, and 77,780 locations in the United States as of
September 6, 2010).

% See, e.g., Comcast, Comcast Coverage Viewer: XFINITY,
http://comcast.cellmaps.com/wifi.html (20,101 Comcast XFINITY Wi-Fi hotspots in the New
York, New Jersey, Philadelphia, and Connecticut areas as of August 19, 2010); Comcast,
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Wi-Fi hotspots nationwide, and, in the first half of 2010 alone, AT&T handled 121.2 million
Wi-Fi connections, up from 85.5 million connections in all of 2009.°° AT&T has also begun
deploying Wi-Fi “hotzones” in various cities to supplement its mobile broadband coverage in
areas with high data use.®* And AT&T has worked with a variety of retail establishments to
enable free, publicly accessible Wi-Fi Internet access to guests of those establishments, including
more than 11,000 McDonald’s restaurants, thousands of Starbucks coffee houses, and hundreds
of Barnes & Noble book stores.®

3. High Rates of Broadband Adoption Further Confirm That
Broadband Deployment Has Been Reasonable and Timely

Rapid growth in consumer adoption of broadband further confirms that broadband
deployment has been reasonable and timely. Indeed, broadband has been adopted more rapidly

than a host of other major technologies in recent decades, including everything from

XFINITY WiFi: FAQs: When Will XFINITY WiFi Be Available in My Area?,
http://customer.comcast.com/Pages/FAQL.istViewer.aspx?topic=Internet&folder=59b4a218-
7ea2-41db-a6e8-0a32323df8c8; Cablevision, Optimum WiFi: FAQ,
http://www.optimum.net/WiFi/FAQ; Time Warner Cable, Time Warner Cable WiFi,
http://www.timewarnercable.com/nynj/learn/hso/wifi/ (“Road Runner customers can now access
WiFi in any of three regional WiFi service areas across Cablevision, Time Warner Cable and
now Comcast footprints within the New York-New Jersey metro areas.”).

%0 gee AT&T News Release, AT&T Launches Wi-Fi Hotzone in Chicago (Aug. 4, 2010),
http://www.att.com/gen/press-
room?pid=18205&cdvn=news&newsarticleid=31008&mapcode=consumer.

® See AT&T News Release, AT&T Expands Wi-Fi Hotzone Pilot Project to Additional Cities
(July 26, 2010), http://www.att.com/gen/press-
room?pid=18162&cdvn=news&newsarticleid=30982&mapcode=consumer.

%2 See McDonald’s, Free Wi-Fi @ McDonald’s,
http://www.mcdonalds.com/us/en/services/free_wifi.html; Starbucks, Free Wi-Fi for Everyone.
Now at Starbucks, http://www.starbucks.com/coffeehouse/wireless-internet; Barnes & Noble,
Now at Barnes & Noble, Complimentary Wi-Fi, http://www.barnesandnoble.com/u/Wi-fi-at-
Barnes-and-Noble/379001240/.
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multichannel video service to home PCs to cellular phones.®® It is estimated that approximately
80 percent of households with personal computers also have broadband.®* And broadband
subscribership is still growing at roughly 5-6 percent a year, which analysts note is consistent
with what would be expected in a healthy industry of this maturity.®

Meanwhile, growth in wireless broadband subscribership is still occurring on a strong
upslope. The Commission’s most recent data show more than 35 million mobile wireless
subscribers with high-speed service subscriptions for full Internet access as of June 2009.%° This
underestimates the number of wireless users who access the Internet: the Commission noted
Nielsen Mobile’s estimates that, as of May 2008, more than 40 million mobile wireless
subscribers paid for access to the mobile Internet, either as part of a subscription or on a per-

transaction basis, and used a mobile Internet service in the past 30 days.®” Nielsen Mobile now

%3 See, e.g., Jessica Reif Cohen et al., Bank of America/Merrill Lynch, Battle for the Bundle:
Best of Times . . . Worst of Times, at 10, Chart 15 (Aug. 23, 2010).

%4 See id.

® See, e.g., Timothy Horan et al., Oppenheimer, Takeaways from 2Q10/Conference, at 18-19,
Exhs. 15-16 (Aug. 17, 2010) (YoY broadband growth of 5.9 percent for 2009, 5.4 percent for
1Q10, 4.8 percent for 2Q10, and 4.7 percent for 2010E); Thomas W. Eagan, Collins Stewart,
PayTV 2H10 Outlook, at 32 (Aug. 19, 2010) (YoY subscribership growth of major broadband
operators of 5 percent in 2009, 6 percent in 1Q10, and 5 percent in 2Q10); Jessica Reif Cohen
et al., Bank of America/Merrill Lynch, Battle for the Bundle: Best of Times . . . Worst of Times,
at 11, Table 8 (Aug. 23, 2010) (YoY broadband growth of 6.1 percent for 2009, 5.7 percent for
1Q10, and 5.3 percent for 2Q10); id. at 10, Chart 15.

% See June 2009 High-Speed Report at 4 & 6, Table 1.

%7 See Ind. Anal. & Tech. Div., Wireline Comp. Bur., FCC, High-Speed Services for Internet
Access: Status as of December 31, 2008, at 4 n.14 (Feb. 2010), attached to Sixth 706 Report at
Appendix D.
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estimates that total at more than 73 million.®® Analysts expect tremendous growth through
2014.%

The overall health of the broadband marketplace also is evident from the explosion in
edge devices, applications, and services.”” Numerous wireline devices provide online access to
videos, other video programs, online gaming, and more — including Apple TV, the ARCHOS
TV+ Wi-Fi digital video recorder (DVR), the ASUS O!Play TV HD media player, INSIGNIA
Advanced Series Connected Blu-ray video player, NetCast Entertainment Access, Moxi DVR,
Slingbox, and Roku; and gaming devices such as Xbox 360, Nintendo Wii, and Sony PlayStation
3. Online gaming generated approximately $2.8 billion in revenues in 2009, and is on target to
reach $5 billion by 2015, according to market research firm Pike & Fischer.”* U.S. online video

revenues, according to IDC, are expected to reach $3.5 billion in 2010, and $9 billion by 2012.7

%8 See Millenial Media, Millenial Media’s S.M.A.R.T. Report, at 3 (Apr. 2010),
http://www.onlinemarketingrant.com/wp-content/uploads/2010/06/MillennialMedia-SMART-
April-20101.pdf (citing Nielsen Mobile estimates for March 2010).

% See, e.g., Joelle Tessler, Cell Phone Mania Forces Scramble for Airwaves, Associated Press
(Dec. 28, 2009), http://www.msnbc.msn.com/id/34609733/ (citing ABI Research estimates of 48
million mobile broadband subscribers in 2009 and 150 million by 2014); Maisie Ramsay, IDC:
30 Million Mobile Broadband Users by 2014, WirelessWeek (June 15, 2010),
http://www.wirelessweek.com/News/2010/06/Technology-1DC-30-Million-Mobile-Broadband-
Users-2014-Wireless-Networks/ (citing IDC estimates that the U.S. mobile broadband market
will more than quadruple by 2014, from 6.5 million subscribers in 2009 to 30.2 million
subscribers in 2014).

70 See Comments of AT&T Inc. at 3-4, 61-62, Implementation of Section 6002(b) of the Omnibus
Budget Reconciliation Act of 1993; Annual Report and Analysis of Competitive Market
Conditions with Respect to Mobile Wireless Including Commercial Mobile Services, WT Docket
No. 09-66 (FCC filed Sept. 30, 2009).

"™ See Pike & Fischer Press Release, U.S. Online Game Subscribers to More Than Double in
Five Years, Pike & Fischer Projects (Jan. 28, 2010),
http://www.pf.com/marketResearchPDInd.asp?repld=748.

2 See Karsten Weide et al., IDC, Assessing the High-Definition Online Video Opportunity, at 8,
Fig. 5 (Apr. 2009), http://www-8cc.akamai.com/dl/whitepapers/
Accessing_High_Definition_OnlineVideoOpportunity.pdf.
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The list of wireless devices that provide access to a full range of broadband content and
many specialized services (such as real-time GPS) is at least as impressive, including everything
from smart phones such as the iPhone and Droid, tablet computers such as the iPad, e-readers
such as the Kindle and Nook, personal wireless hotspot devices such as the MiFi and iSpot, and
GPS devices from Garmin, TomTom, and many others. Amazon has recently announced that it
is now selling more electronic books than hardcover ones.”® Numerous newspapers and
magazines are now shifting their focus to digital distribution over print, citing the emergence of
new devices such as the iPad as one of the factors for this transition.” All of this economic
activity is made possible by the widespread availability of broadband, thus demonstrating that,

overall, broadband is being deployed in a reasonable, timely fashion.

"% See Amazon.com News Release, Kindle Device Unit Sales Accelerate Each Month in Second
Quarter; New $189 Price Results in Tipping Point for Growth (July 19, 2010),
http://phx.corporate-ir.net/phoenix.zhtml?c=176060&p=irol-newsArticle&ID=1449176 &
highlight= (statement by Amazon.com founder and CEO Jeff Bezos: “[W]hile our hardcover
sales continue to grow, the Kindle format has now overtaken the hardcover format.
Amazon.com customers now purchase more Kindle books than hardcover books — astonishing
when you consider that we’ve been selling hardcover books for 15 years, and Kindle books for
33 months.”).

" See, e.g., Jeremy W. Peters, USA Today To Remake Itself To Stress Digital Operations, N.Y.
Times (Aug. 27, 2010), http://www.nytimes.com/2010/08/28/business/media/28paper.html
(“USA Today announced . . . the most extensive reorganization in its 28-year history. . .. The
paper’s focus will now be on its digital operations.”); David Kaplan, What’s Next for
Newsweek?, PaidContent.org (Aug. 3, 2010), http://paidcontent.org/article/419-whats-next-for-
newsweek/ (“Now, as Newsweek heads into its arms of its new owner, the online team is putting
together a second iPad app that promises to go beyond the magazine replica (now available for
$2.99 per issue) and reflect the digital side a bit more.”); Rachelle Matherne, Magazine
Publishing Goes Digital, SixEstate Communications (Aug. 17, 2010), http://sixestate.com/social-
media/magazine-publishing-goes-digital/ (“Gourmet, which went out of print in November 2009,
will be reborn this fall as Gourmet Live, an interactive HTMLD5 application with social features
that will allow users to share content across social networks.”).
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B. The Commission Should Correct the Sixth Broadband Deployment Report’s
Definition of Broadband and Adopt a Consumer-Focused Definition That
More Accurately Reflects Market Realities and the Statutory Language

Congress chose not to specify a particular speed in defining advanced
telecommunications capability in Section 706, but instead defined broadband in terms of the
services it enables consumers to access. This was a wise decision, because “enabl[ing] users to
originate and receive high-quality voice, data, graphics, and video telecommunications” is not
solely speed-dependent.” Rather, it is a function of speed and other factors, including the types
of applications that a user runs, the customer premises equipment chosen for the communication,
the protocols used to transmit data, and the use of any compression technologies to reduce the
size of the data files to be transmitted, among other things. Thus, for example, where it once
would have required 6 Mbps to transmit reasonable-quality standard definition or DVD video
images, compression technologies have reduced that to 2 Mbps or less.”

Consistent with the statute, the Commission’s definition of broadband should focus on
the speeds necessary to enable consumers access to the services they desire — including voice,
data, and video — rather than adhere to any arbitrary threshold, or set the bar at some idealistic
level. Although consumer demand for bandwidth to support a growing array of applications and
content is generally increasing over time, current broadband offerings appear capable of

addressing those needs. If anything, the Commission should ratchet its definition downward, to

47 U.S.C. § 1302(d)(1).

"® See, e.g., Haivision Network Video, White Paper: H.264 Video Compression, at 4 (Aug.
2010), http://lwww.haivision.com/download-center/application-
notes/WP_VideoCompression.pdf (“What has been considered acceptable video quality for
MPEG-2 at 6 Mbps can now be experienced using H.264 at about 2 Mbps for ‘Action Video.””).
AT&T has previously addressed the advances in compression technology and their relevance to
the Commission’s analysis under Section 706, and we respectfully refer the Commission to our
prior filing on this subject. See Reply Comments of AT&T Inc., Inquiry Concerning the
Deployment of Advanced Telecommunications Capability to All Americans in a Reasonable and
Timely Fashion, GN Docket No. 07-45 (FCC filed Sept. 24, 2008).
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reflect the fact that consumers are able to access the services they currently demand with less
bandwidth — particularly in the upstream direction — than the Commission’s definition requires.

In particular, although demand for upstream bandwidth is growing, the Commission’s
1 Mbps threshold exceeds what is adequate for the most popular current applications. For
example, Skype recommends upstream speeds of only 60 Kbps for audio calls, 256 Kbps for
medium-quality video calls, and 512 Kbps for higher-quality video calls.”” Vonage states that its
service “works best when you have more than 180 kbps,” and that it requires only “at least
90kbps of bandwidth (upload speed).””® Google Talk requires “a minimum 56k dial-up
connection, but we recommend a broadband connection for the best experience.””® And popular
online, interactive games such as World of Warcraft, Starcraft 11, City of Heroes, Guitar Hero I11
for PC, and Second Life generally state that their services require only a “Cable or DSL”
connection, without specifying any minimum bandwidth requirement.®°

None of these popular Internet services — or any of the other most commonly used

Internet sites or applications, from Google to Facebook to Hulu to eBay, etc. — requires 1 Mbps

" See Skype, User Guides: How To Get the Best Sound Quality on Skype Calls,
http://www.skype.com/intl/en/support/user-guides/skype-for-linux/call-quality/poor-quality-
video/connection/.

"8 \onage, FAQs: How Can | Check My Internet Connection?,
http://www.vonage.com/how_vonage_works_fag/?lid=sub_nav_fag&refer_id=WEBHO0706010
001WH.

™ Google, Google Talk System Requirements,
http://www.google.com/support/talk/bin/answer.py?hl=en&answer=23906.

8 see Blizzard Support, Minimum System Requirements for World of Warcraft,
http://us.blizzard.com/support/article.xml?locale=en_US&articleld=21054; Blizzard Support,
Minimum System Requirements for Starcraft 11,
http://us.blizzard.com/support/article.xml?articleld=26242&locale=en_US; NCsoft Support,
System Requirements for City of Heroes, http://help.ncsoft.com/cgi-
bin/ncsoft.cfg/php/enduser/std_adp.php?p_faqid=462&p_sid=2WBkel5k; Aspyr Media, Guitar
Hero 111; Game Specs, http://www.aspyr.com/product/game_specs/85; Second Life Support,
System Requirements, http://secondlife.com/support/system-requirements/. Indeed, low latency
is generally more critical for online gaming than large bandwidth.
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upstream.®* Rather, each of these services functions adequately at 768 Kbps upstream, or less.
Although the difference between 768 Kbps and 1 Mbps is not significant in terms of ensuring
consumers access to the services they demand, the Commission’s decision to exclude 768 Kbps
upstream services from its definition of broadband is significant in that it distorts the true picture
of broadband deployment in the United States. Many DSL-based Internet access services are
offered at 768 Kbps upstream due to standard DSL provisioning practices of configuring speeds
in 128 Kbps increments (256 Kbps, 384 Kbps, 768 Kbps, etc.). The Commission’s definition of
broadband should therefore include these offerings in the analysis of where broadband is
available.

C. The Commission Should Conclude That Broadband Is Generally Being

Deployed on a Reasonable and Timely Basis, While Acknowledging That

There Are Still Limited Areas That Have Been Unable To Attract Certain
Broadband Technologies and Investment

In the Sixth Report, the Commission concluded that, because broadband meeting the
Commission’s definition had not been deployed to approximately 14 to 24 million Americans,
broadband was not being deployed to “all Americans” on a reasonable and timely basis. The
Commission justified this finding on a literal interpretation of “all Americans” — one that
requires every single U.S. household to have access to broadband, a standard that may never be
met. In addition, the Commission made no attempt to differentiate its conclusions between the
vast majority of the country where broadband meeting the Commission’s definition is available,
and those geographic areas that have been unable to attract certain broadband technologies and

investment due to natural economic barriers such as sparse, rural populations that are costly to

8 See, e.g., Hulu, Help Main: Getting Started: System Requirements,
http://www.hulu.com/support/article/166380 (“To watch videos on Hulu.com, . . . you will need
a broadband internet connection. Our videos stream at 480Kbps to 1000Kbps, and we
recommend a downstream bandwidth of over 1000Kbps (or 1.0Mb/s) for a smooth playback
experience.”).
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serve. In addition, the Commission failed to consider the possibility that, as a result of such
obstacles, the absence of certain broadband technologies and investment in such areas is fully
consistent with what Congress would have expected, and should not therefore be taken as a sign
of a failure in broadband deployment more generally.

This seventh inquiry presents the Commission with an opportunity to correct the flawed
approach taken in the Sixth Report and to adopt a more pragmatic approach that better comports
with congressional intent. First, the Commission should find that broadband is generally being
deployed on a reasonable and timely basis, and that service is available and investment occurring
to the vast majority — 95 percent or more — of American households. In these areas, market
forces not only support broadband, but have proven themselves more than capable of delivering
adequate levels of broadband without government intervention.

Second, the Commission should find that there are certain areas — typically remote or
rural areas — where at least certain types of terrestrial broadband are neither available nor likely
to be deployed as a result purely of market forces. The Commission should then determine
whether broadband deployment in these areas is unreasonable or untimely, taking into account
the difficult economics of serving these areas. As with the deployment of any major
infrastructure — whether roads or power lines or telephone or cable lines — the last 5 percent often

can take longer than the first 95 percent.®? In the event the Commission concludes that

82 See, e.g., Intelligent Transportation Systems, U.S. Dep’t of Transportation, Deploying and
Operating Integrated Intelligent Transportation Systems, at 27 (Dec. 2001),
http://ntl.bts.gov/lib/jpodocs/repts_te/13599/13599.pdf (statement by NY/NJ/CT program
manager Rob Bamford: “In [Intelligent Transportation Systems] deployment, the first 95 percent
is relatively easy; the last 5 percent is where the frustration lies.”); Imran Ghori, Celebration
Anticipates 210 Freeway’s Completion, Press-Enterprise (June 15, 2007),
http://www.pe.com/localnews/inland/stories/PE_News_Local_B_freeway16.ac2848.html
(“Stephen Yench, segment manager overseeing the project for [the San Bernardino Associated
Governments], estimated [a stretch of Interstate 210] is 95 percent complete but said several
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deployment is not reasonable and timely in these unserved areas, the Commission should act to
accelerate deployment by, among other things, reallocating spectrum and providing universal
service support, as discussed below in Part I1.

D. In Assessing Broadband Availability, Deployment, and Speeds, the
Commission Should Rely on the Most Current Data and Reliable Sources

In addition to adopting unreasonable statutory interpretations that preordained a finding
that broadband was not being deployed on a reasonable and timely basis to all Americans, the
Sixth Report made matters worse by relying on incomplete and outdated data in applying its new
standards. For example, the Commission relied almost entirely on Form 477 data from year-end
2008, even though it had two more recent rounds of 477 data available at the time. As a result,
the Commission concluded that certain areas were without broadband, even though the data in its
possession showed otherwise. As NCTA has pointed out in its petition for reconsideration of the
Sixth Report, for example, there were at least four counties in North Carolina and South Carolina
alone, with a total population of nearly 2 million, that the Commission concluded had no
broadband but that in fact had widespread broadband availability that meets the Commission’s

aggressive definition.®

details remain to be finished. ‘They always say the last 5 percent is the toughest and takes the
longest,” he said.”); Gregory T. Haugan, Project Management Fundamentals: Key Concepts and
Methodology 115 (Management Concepts 2006) (“Experienced project managers tell many
stories about how activities become reported as 90 percent complete, but that the last 10 percent
takes more time than the first 90 percent.”); see also U.S. Gov’t Accountability Office, Highway
Infrastructure: Perceptions of Stakeholders on Approaches To Reduce Highway Project
Completion Time, GAO-03-398, at 1 (Apr. 2003) (“Many of the organizations with a role in
highway project completion have recognized that completing major highway construction
projects takes too long — in some cases about 20 years.”).

8 See National Cable & Telecommunications Ass’n Petition for Reconsideration at 3, Inquiry
Concerning the Deployment of Advanced Telecommunications Capability to All Americans in a
Reasonable and Timely Fashion, and Possible Steps To Accelerate Such Deployment Pursuant to
Section 706 of the Telecommunications Act of 1996, as Amended by the Broadband Data
Improvement Act, GN Docket Nos. 09-137 & 09-51 (FCC filed Aug. 19, 2010). The
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In assessing broadband availability and deployment going forward, the Commission
should correct the flawed approach of the Sixth Report. Critically, the Commission should use
the most current available data in its analysis, including the most recent data from Form 477
submissions. In addition, the Commission should use the data generated from the state-level
broadband mapping efforts; the first national broadband map will be available in February 2011,
and more granular maps and data will be updated every six months for the next five years.
Taken together, these sources will provide the Commission with a large amount of data
regarding where broadband services are currently offered, the speeds of such offerings, the types
of technologies being used, and the extent to which consumers are embracing those various
technologies and offerings. In addition, the Commission should ensure that its analysis is not
limited to where broadband deployment has already taken place, but instead should consider
where broadband deployment is currently taking place or is planned. This approach is necessary
to answer the inquiry under Section 706, which focuses on where broadband is “being
deployed,” and not just on where it already exists.

Finally, in assessing broadband speeds, the Commission also should take care to use
reliable data. In the past, for example, the Commission has relied on data from comScore to
measure the speeds of various broadband connections.®* As M.I.T. researchers Steve Bauer,
David Clark, and William Lehr have demonstrated in a recent study, however, comScore’s

methodology suffers from multiple flaws and, as a result, its data sharply underestimate

Commission should also revise the “de minimis” test that treats an entire county as unserved
based on a relatively low number of broadband subscribers at a certain speed. The number of
broadband subscribers obtaining a certain level of service in an area does not necessarily
correlate to the availability of broadband generally; moreover, the speeds that consumers choose
to purchase is not necessarily an accurate proxy for speeds that are actually available, as many
consumers may choose to purchase lower speeds than those available.

8 See, e.g., National Broadband Plan at 21-22, 25 nn.48, 50, 51, 66; FCC, Broadband
Performance, OBI Technical Paper No. 4, at 12, 14, App. 4 (Aug. 2010).
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broadband access speeds.®> They note, for example, that “ComScore bases its measurements on
a single TCP connection, [which] tend[s] to significantly under-state the achievable speed of the
broadband network service.”®® In addition, comScore makes “improper inferences about users’
speed tiers — particularly on cable networks which employ Powerboost. ComScore assumes that
the maximum speed they measure will be at most 10% above the advertised Powerboost level,”
whereas in fact higher speeds are possible.®” Bauer/Clark/Lehr identify a different set of speed
test data (Speedtest/Ookla) that does not suffer from these flaws, and which show that broadband
speeds are considerably higher than the data on which the Commission has previously relied.®®
Going forward, and particularly given the great importance the Commission has placed on
broadband speeds, the Commission should ensure that it is using reliable data to measure these
speeds, consistent with recommendations from Bauer/Clark/Lehr.

1. ACTIONS TO ACCELERATE BROADBAND DEPLOYMENT

As AT&T has previously explained, the two most important steps the Commission can
take to accelerate broadband deployment are: (1) the reallocation of spectrum for broadband,
and (2) universal service reform.% These targeted steps will help to address the lack of certain

broadband technologies in certain areas, while not risking to upset the market forces that have

8 gee Steve Bauer, David Clark & William Lehr, Understanding Broadband Speed
Measurements, at 16-17 (June 2010), attached hereto as Exhibit A and available at
http://mitas.csail.mit.edu/papers/Bauer_Clark_Lehr_Broadband_Speed_Measurements.pdf.

8 1d. at 17.
8 4.
8 See id. at 17-23.

8 see Comments of AT&T Inc. at 20-27, Framework for Broadband Internet Service, GN
Docket No. 10-127 (FCC filed July 15, 2010); Comments of AT&T Inc. at 83-88, 127-43,
A National Broadband Plan for Our Future, GN Docket No. 09-51 (FCC filed June 8, 2009).
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successfully delivered broadband elsewhere in the country.®® We respectfully refer the
Commission to AT&T’s prior comments addressing this matter, in which we have set forth the
specific steps the Commission should take with respect to such reform.

Although there are certain affirmative steps the Commission can take to promote
broadband, it is just as important that the Commission avoid taking steps that could reduce the
incentives for future broadband deployment, such as so-called net-neutrality regulation or Title 11
“reclassification.”® As the market has demonstrated, judicious non-intervention creates
incentives for further investment, and the Commission, therefore, should continue to follow
Congress’s directive to keep the Internet unfettered by federal or state regulation.”? In directing
the Commission to use the tools of deregulation to achieve its objectives, Congress evinced an
understanding that broadband network deployment is highly capital-intensive and time-
consuming. Congress likewise endorsed the belief that market forces (i.e., the laws of supply
and demand that will operate efficiently once regulatory barriers to investment are removed)
would deliver broadband to the substantial majority of Americans — which has in fact happened —

while recognizing that targeted government support may be necessary in a limited number of

% vice President Biden recently announced 94 new projects totaling $1.8 billion to expand
broadband in 37 states, including to rural residents in 16 states and Native American tribal areas.
See White House Press Release, Vice President Biden Announces Recovery Act Investments in
Broadband Projects To Bring Jobs, Economic Opportunity to Communities Nationwide (Aug.
18, 2010), http://www.whitehouse.gov/the-press-office/2010/08/18/vice-president-biden-
announces-recovery-act-investments-broadband-projec.

% See Comments of AT&T Inc. at 98-127, A National Broadband Plan for Our Future, GN
Docket No. 09-51 (FCC filed June 8, 2009); Reply Comments of AT&T Inc. at 63-68,

A National Broadband Plan for Our Future, GN Docket No. 09-51 (FCC filed July 21, 2009);
Comments of AT&T Inc., Preserving the Open Internet, GN Docket No. 09-191 (FCC filed Jan.
14, 2010); Reply Comments of AT&T Inc., Preserving the Open Internet, GN Docket No. 09-
191 (FCC filed Apr. 26, 2010); Comments of AT&T Inc., Framework for Broadband Internet
Service, GN Docket No. 10-127 (FCC filed July 15, 2010).

%2 See 47 U.S.C. § 230(b)(2) (U.S. policy is to “preserve the vibrant and competitive free market
that presently exists for the Internet”).
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areas where deployment would otherwise be uneconomical. Thus, the Commission must strive

to provide a stable, pro-investment, deregulatory environment for all converged services so that

network operators will continue to have the incentives to invest in the next-generation broadband

networks that will bring these converged services to all Americans.

CONCLUSION

The Commission should find that broadband is generally being deployed on a reasonable

and timely basis.
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Abstract

Broadband speed has emerged as the single most commonly cited metric for
characterizing the quality of broadband offerings. However speed measurements for
the same service can vary significantly. These differences arise from a complex set of
factors including different test methodologies and test conditions. For any testing
methodology, teasing apart the end-to-end tests and attributing performance
bottlenecks to constituent parts is technically challenging. While the broadband
access network can be the bottleneck, significant bottlenecks arise in home networks,
end users' computers, and server side systems and networks. Consequently,
inferences regarding how ISP delivered speeds compare with their advertised speeds
need to be undertaken with careful attention to the testing methodologies employed.
Many testing methodologies are inappropriate for the purposes of assessing the
quality of a broadband network.

1. Executive Summary'

Speed is the single most important metric of interest in characterizing the "quality" of broadband
service. Perceptions about broadband quality inform regulatory policy, end-user behavior (e.g.,
broadband subscriptions), investments in complementary assets (e.g., content and applications),
as well as the marketing, traffic management, and provisioning decisions of network operators.
Consequently, it is important to understand how speed is, and should be, measured.

' We would like to acknowledge the support of participants in the MIT MITAS (http://mitas.csail.mit.edu) and CFP
(http://cfp.mit.edu) research programs. Any opinions expressed and errors are solely the responsibility of the
authors.
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The goals for this paper are several. First, we explain the complexity of measuring broadband
speeds. There are multiple definitions of "speed" that are potentially of interest: is it a measure
of potential throughput or capacity or is it as a measure of average speed as experienced by end-
users? Is the focus the broadband access service or end-to-end performance? Is the goal to
diagnose a potential fault or to benchmark performance? Is the interest in a single broadband
connection, a geographic market, or some larger population?

Second we document key methodological differences that account for some of the variability in
popular speed measurement data sources. While it is not surprising that there is significant
variability in broadband speed measurements across providers, geographic markets, access
technologies, and time, it is surprising how much variation can result from methodological
differences in how speed is measured. Understanding these methodological differences is
important to making valid inferences from the measurement data.

For example, while a principal motivation for many in looking at speed measurements is to
assess whether a broadband access ISP is meeting its commitment to provide an advertised data
service (e.g. "up to 20 megabits per second"), we conclude that most of the popular speed data
sources fail to provide sufficiently accurate data for this purpose. In many cases, the reason a
user measures a data rate below the advertised rate is due to bottlenecks on the user-side, at the
destination server, or elsewhere in the network (beyond the access ISP's control). A particularly
common non-ISP bottleneck is the receive window (rwnd) advertised by the user’s transport
protocol (TCP). In the NDT dataset we examine later in this paper, 38% of the tests never made
use of all the available network capacity.

Other non-ISP bottlenecks also exist that constrain the data rate well below the rate supported by
broadband access connections. Local bottlenecks often arise in home wireless networks. The
maximum rate of an 802.11b WiFi router (still a very common wireless router) is 11mbps. If
wireless signal quality is an issue, the 802.11b router will drop back to 5.5mbps, 2mbps, and then
I mbps. Newer wireless routers (e.g. 802.11g/n) have higher maximum speeds (e.g. 54 mbps)
but will similarly adapt the link speed to improve the signal quality. End-users also can self-
congest when other applications or family members share the broadband connection. Their
measured speed will be diminished as the number of competing flows increase.

Each of the different testing methodologies we examined provides insights into network
performance. We concluded however that the Ookla/Speedtest approach — which typically
results in higher measured data rates than the other approaches reviewed — was the best of the
currently available data sources for assessing the speed of ISP's broadband access service. One
of the key differences that accounts for this is that the Ookla/Speedtest tools utilize multiple TCP
connections to collect the measurement data which is key to avoiding the receive window
limitation. These tests are also much more likely to be conducted to a server that is relatively
close to the client running the test.
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We expect that new hardware based speed measurements, such as those being conducted now by
the FCC in collaboration with Samknows (which ran a similar study for Ofcom in the UK), will
produce very useful results.” The hardware platform eliminates many of the potential
bottlenecks (e.g. noisy wireless links and receiver window bottlenecks) that can interfere with
network measurements. However, such hardware based testing will not eliminate the importance
of other testing methodologies. Orders of magnitude more data can be gathered by the existing
non-hardware-based tests. We also expect that some of the same tests will be conducted in both
the hardware and browser based environments (e.g. we expect some of the hardware testing
platforms will leverage the M-labs infrastructure running the NDT test.)

Precisely because differences do matter, it is important to understand methodological details of
the tests being conducted. Unfortunately uncovering the testing details is not always easy. There
are marked differences in the quality of testing documentation and disclosure. Some of the
organizations made adjustments to their methods and documentation in response to our queries.
This highlights a kind of Heisenberg Uncertainty Principle as it applies to this sort of research:
because speed data matters, purveyors of such data may adjust the methods and published
information dynamically and, potentially, strategically.

We recognize that the debate over speed is, itself, strategic and engages the interests of all
market participants — policymakers, users, and ISPs alike. While we do not believe there is a
single method for measuring and reporting speeds that is appropriate for all contexts, we
recognize the analytic and cost benefits from narrowing the range of methods and from moving
toward collective agreement on best practices. Having a few generally accepted methods for
measuring broadband speeds and having clear documentation to support published measurements
will aid data aggregation, analysis, and interpretation.

Furthermore, although speed matters and will continue to do so in the future to all market
participants interested in assessing the quality of broadband services, it is not all that matters.
There is a risk that the focus on speed or a particular way of measuring or reporting broadband
speeds might distort market behavior. We believe promoting a more nuanced understanding of
how and why speed matters offers the best defense against such adverse distortions (e.g., what
applications are most likely to benefit from faster broadband services? What additional
mechanisms may be available to isolate speed bottlenecks at different points along the end-to-
end path? What other technical attributes should be regularly measured and reported to better
characterize broadband service quality?).

In writing this paper, our intent is to contribute to this public debate and to render more
accessible some of the speed measurement issues to non-Internet engineering experts. Our hope
is that progress may be made via a market-mediated process that engages users, academics, the
technical standards community, ISPs, and policymakers in an open debate; one that will not
require strong regulatory mandates. Market efficiency and competition will be best served if

% See http://www.samknows.com/broadband/index.php (accessed 21 June 2010).
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there is more and better understood data available on broadband speeds and other performance
metrics of merit (e.g., pricing, availability, and other technical characteristics).

2. Introduction®

Broadband speed has emerged as the single most commonly cited metric for characterizing the
quality of broadband offerings. There are now a number of sites and organizations that measure
the speed (and other characteristics) of a user's broadband service (e.g., Speedtest.net, Akamai,
ComScore, M-Labs, Google’s Youtube service, or the FCC’s own broadband.gov speed tests).
The data generated by such tests is often aggregated and reported in the trade press and in
government reports and plays a role both in policy formulation and in decision-making by
individual consumers.* Consequently, how speeds are measured and how the data is interpreted
can have important implications for market and policy outcomes.

In this paper, we explain why the resulting speed measurements at times vary significantly. For
instance, Google’s Youtube service reports an average download speed of 3.83 mbps for the
United States while the Speedtest.net reports a 7.71 mbps average.” The differences can be even
more pronounced at smaller geographic granularities. For Comcast in the Boston area,
Speedtest.net reports average download speeds of 15.03 mbps while Youtube reports a 5.87
mbps average.® Differences in the methodologies account for most of the discrepancy. The
proper interpretation is not that one test is “right” or “wrong” but rather the different tests
provide different insights into the end-to-end performance under different workloads.

For any testing methodology, teasing apart the end-to-end tests and attributing performance
bottlenecks to constituent parts is technically challenging. While the broadband access network
can be the bottleneck, significant bottlenecks arise in home networks, end users' computers, and
server side systems and networks. The dynamics and settings of TCP (the dominant transport
protocol on the Internet) also play a significant role in determining the resulting speed that is
measured. There is also an important question about systematic biases in user initiated speed
tests. Potentially users are running those tests in a diagnostic fashion when they are experiencing

? This paper is intended to be accessible to non-experts in Internet technology, but space constraints presume a level
of technical sophistication. To help bridge the gap, this paper is accompanied by web-based resources for acronyms
and further details. See http://mitas.csail.mit.edu/wiki

* The recent U.S. National Broadband Plan (http://download.broadband.gov/plan/national-broadband-plan.pdf ) for
instance notes both current results and recommends expanding the set of broadband performance measurements.

> The exact numbers from each of these services varies over time. These results were downloaded on March 16,
2010 from http://speedtest.net/global.php and http://youtube.com/my_speed respectively.
6

Results download on March 16, 2010 by computers in the Boston area from
http://speedtest.net/global.php#0.1.1,26 and http://youtube.com/my_speed. It is unclear how closely geographic
areas align for different services reporting results from smaller geographic regions like states and cities.
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problems.” The main point is that inferences regarding how ISP delivered speeds compares with
their advertised speeds need to be undertaken with careful attention to the testing methodologies
employed. Many testing methodologies are inappropriate for the purposes of assessing the
quality of ISP access networks.

Measuring and understanding the performance of the broadband access networks, though,
remains an important policy question. We examined in detail a number of speed tests, using
packet traces to understand what factors shaped the outcome and how the test was performed.
We discuss a number of these cases, and argue that the Ookla/Speedtest test methodology® is
more likely than the other tests we examine to correspond to the speed of an access link for
common network usage patterns. We explain why the Ookla/Speedtest methodology often
produces higher estimates of speed then other tests. We discuss limitations and some of the
technical rationales underlying the tradeoffs that must be made in this type of testing.

We conclude with policy recommendations that emphasize that while speed remains an
important statistic for evaluating the quality of broadband and will likely remain so, appropriate
metrics for evaluating the performance of broadband services should consider additional
characteristics as well. Moreover, we expect that the relevance of raw speed measurements —
separate from more nuanced context-dependent considerations — will become increasingly less
relevant as the speed of the typical broadband offering becomes ever faster. We also call for
better documentation of speed testing methodologies from all organizations so that third-party
validation of measurements is easier.

3. Defining what is meant by broadband speed

We first have to understand exactly what is meant by the “speed of broadband”. The casual
interpretation of speed is that it indicates “how fast you can go”. More speed, everything else
being equal (particularly price), is always better. But beyond this casual interpretation of speed,
lie a variety of divergent meanings. For example, there is the speed implied by the way the
broadband access service is configured (its "capacity"), the speed that is marketed or understood
by consumers ("advertised"), or the speed that is actually experienced by users (“achieved”). We
put these terms in quotes because we are using them as imprecise shorthand.

3.1. Provider configured broadband speeds

In the advertisements of broadband providers, upload and download speeds provide information
about how the link between the customer’s location and the broadband provider is configured. It

7 For some networks such as broadband satellite networks or wireless broadband networks which often have a
smaller number of test samples in a given data set, we suspect that tests run in an attempt to diagnosis a problem
could account for a significant percentage of tests. However, we are personally familiar with many expert and non-
expert users that simply like to measure their speed for fun.

¥ http://wiki.ookla.com/test_flow
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generally corresponds to configuration settings that are set in network equipment such as cable
and DSL modems and the routers or other network equipment, and are generally intended to give
an indication of the maximum or peak data rates that a customer may experience. More typically,
however, these advertised data rates are taken to imply something meaningful about the
experience of using the broadband service. The challenge therefore is how to define and measure
“speeds” that are both representative of the user experience on the broadband network and are
robust to the messy measurement conditions of the real world.

Public Internet

Internet Gateway
(Peering Exchange)

DEFINITIONS

Public internet content: public internet content that is hosted by multiple service providers, content providers and other
entities in a geographically diverse (worldwide) manner

Internet gateway: closest peering point between broadband provider and public internet for a given consumer connection
Link between 2" Mile and Middle mile: broadband provider managed interconnection between middle and last mile

Aggregation node: First aggregation point for broadband provider (e.g. DSLAM, cable node, satellite, etc.)

Modem: CPE (customer premise equipment) typically managed by a broadband provider as the last connection point to the
managed network (e.g. DSL modem, cable modem, satellite modem, ONT, etc.)

Consumer device: consumer device connected to modem through internal wire or Wifi (home networking), including
hardware and software used to access the internet and process content (customer managed)

@0eOEO

Figure 1: Network diagram showing the most important devices and links connecting broadband users with destinations
on the Internet. Broadband providers service demarcation points are between points 2 and 5 generally. Most of the
speed tests we examine in this paper measure the speed between 1 and 6. Diagram source: “Federal Communications
Commission Request for Quotation for Residential Fixed Broadband Services Testing and Measurement Solution.”

The speed advertised and set by a broadband provider (i.e. the speed between 4 and 5 in Figure 1
above) is an important metric for characterizing the broadband service and does provide a useful
first-level indicator of the expected “speed” of traffic carried by the network. However, it may
not be directly indicative of what a user will actually experience. There are numerous reasons
why differences arise.

The most commonly assumed reason for measuring speeds lower than the configured speed is
that broadband access networks rely on multiple users sharing the available network capacity
(particularly the link between 4 and 5 in Figure 1 in the case of cable and between 3 and 4 in the
case of DSL). Because end-user demands are unlikely to be perfectly correlated in time, the
traffic of multiple users can share network capacity, thereby substantially reducing the total costs
of providing network services. Assuming no problems elsewhere, a user whose connection is
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configured to run at a peak rate of 15Mbps can realize that speed across parts of the shared
infrastructure if enough other users are not simultaneously utilizing the network.” The throughput
during the peak usage hours depends upon how many users are configured to share (a design
decision) and how many of them are simultaneously active (user behavior). This sharing is
fundamental not just for broadband networks, but the Internet as a whole.'” The potential
aggregate demand from senders and receivers on the Internet vastly exceeds the capacity of the
network. Sharing saves money and allows everyone to get more than they would on their own for
a given price. As we demonstrate in this paper, however, congestion arising from infrastructure
sharing with multiple users is not the most common reason that speeds lower than the provider
configured speed are measured. This may change over time as other sources of performance
impairments are fixed.

The configured “up to” speed advertised by a provider is also not actually the maximum speed
that one can measure on a network. Higher-than-expected measurements can occur for a number
of reasons. The “line speed” for a broadband service can be faster than the configured speed."!
The line speed is the speed at which an individual packet is sent on the wire or fiber and is a
property of the physical and link layer technologies employed. A packet in a DOCSIS 2.0
network will be sent at something around 38 mbps for instance.'* Short bursts of packets can also
be sent closer together than would be implied by the configured speed."? Consequently, the speed
that may be measured over very short time intervals is complicated by non-trivial scheduling
algorithms employed by the lower link-layer protocols.

However, even over longer intervals, the speed measured may be more than the data rate that is
advertised. Access networks can remove the configured speed limits for periods of time thus
allowing the users to send at higher rates. Some cable broadband networks employ what goes by

? This assumes that the applications or services they are utilizing actually attempt to use all capacity available on
their connection. Video on the web today generally does not transfer at the highest speeds possible. (This includes
video transmitted over TCP.)

' For a more complete discussion of Internet congestion and why the observance of congestion, in itself, is not an
indication that a network is configured or managed inappropriately, see Bauer, Steve, David Clark, and William
Lehr (2009), "The Evolution of Internet Congestion," paper prepared for 37th Research Conference on
Communication, Information and Internet Policy (www.tprcweb.com), Arlington, VA, September 2009 (available
at: http://people.csail.mit.edu/wlehr/Lehr-Papers_files/Bauer Clark Lehr 2009.pdf).

' The exception would be services like 100mbps broadband that is available in some countries where the service is
actually defined by the line speed itself.

2 DOCSIS is the Data Over Cable Service suite of international telecommunication standards that define interface
requirements for offering broadband services over cable modems. The DOCSIS standards are developed by
CableLabs, an industry research consortium (http://www.cablelabs.com/cablemodem/). Most of the cable systems
currently in operation have implemented DOCSIS version 2.0, although a number of operators are presently rolling
out DOCSIS 3.0 systems that support higher data rates and additional functionality.

13 Lakshminarayanan, K., Padmanabhan, V. N., and Padhye, J. 2004. Bandwidth estimation in broadband access
networks. In Proceedings of the 4th ACM SIGCOMM Conference on internet Measurement(Taormina, Sicily, Italy,
October 25 - 27, 2004). IMC '04. ACM, New York, NY, 314-321.
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the trade name of “Powerboost.”'* While Powerboost is advertised as a boost in the configured

sending rate to a certain configured higher level, the Powerboost speeds often exceed even that
advertised limit by non-trivial amounts."® This is important to recognize because some studies
have attempted to infer the subscribed speed tier by assuming the maximum measured speed is
less than or equal to 110% of the Powerboost level.'® Tests we have conducted on our personal
broadband connections have demonstrated this assumption does not hold.

So, if the configured peak or "up to" speed is not adequate for characterizing the speed of the
network, how should speed be measured? Academics have long been interested in how to
understand what a network is capable of supporting. The research literature focuses on a variety
of different measurements one might want to make from the edge of a network. (We emphasize
edge-based measurements because the research literature emphasizes how to infer or verify
network characteristics with probing or measurements taken at the edges. Some of what one
might want to know is known by the providers but may not be directly observable by third-
parties.)

A distinction is generally made between the following properties of a network that one might
want to measure.'’

1. Capacity is a measure of the total traffic carrying capability of a link or path in a
network. The end-to-end capacity is the minimum link capacity along a path. See Figure
2 (A) below. Link 3 in that figure has the most capacity but the end-to-end capacity
would be determined by the capacity of link 2. The capacity is expressed as the amount
of traffic the link can carry over a particular time interval (e.g., megabits per second).

2. Available bandwidth'® is a measure of how much capacity is unused in a link or along a
path. The available bandwidth along a path is the minimum available bandwidth of the
set of links along a path. See Figure 2 (B) below. Link 1 has the most available
bandwidth but the end-to-end available bandwidth is determined by link 2. One can look
at a link utilization graph and observe that the total capacity was 100 mbps but the peak
usage was 45 mbps and conclude that the available bandwidth, or spare capacity, was 55
mbps.

' See http://www.dslreports.com/faq/14520 (accessed April 22, 2010).

' For example one of the author's home cable network service includes a 12 mbps service plan with Powerboost up
to 15 mbps. Measuring with tools like iperf and speedtest.net however we can regularly measure speeds in excess of
20 mbps for data transfers of 10 — 20 MB.

' This was part of the methodology employed by Comscore and relied upon by the FCC.
http://www.netforecast.com/Reports/NFR5103 comScore ISP _Speed Test Accuracy.pdf

7 See for instance R.S.Prasad, M.Murray, C.Dovrolis, and K.C.Claffy. Bandwidth Estimation: Metrics,
Measurement Techniques, and Tools. IEEE Network, 2003.

' Network operators may be more likely to refer to “available bandwidth” as the “spare capacity” on a link or along
a path. The “bulk transfer capacity” might be more likely to be discussed in terms of “throughput”.
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3. Bulk transfer capacity is a measure of the amount of data that can be transferred along a
network path with a congestion aware transport protocol like TCP. See Figure 2 (C)
below. The bottleneck capacity in that figure is link 2 but the bulk transfer capacity of a
single TCP will be determined by the number of other competing TCP flows and the
dynamics and settings of the TCP stacks on each end, the properties of the end systems,
etc. A critical distinction is that the bulk transfer capacity is a measure of the data or
“payload” throughput. Packet headers and data packets that are retransmitted are not
counted toward the byte counts (and thus, such overhead may lower the observed speed).

Also most of the academic literature and IETF RFCs define the bulk transfer capacity of
a network as the achievable throughput of a single transport connection.'” The
assumption underlying this is that the transport protocol is well tuned and capable of fully
utilizing network capacity if it is available. This is an assumption that does not hold for
the default settings of many end user systems on the Internet today as we discuss further

below.
Link 3 Link 3 Link 3
Available
Link 1 Capacity Link 1 Bandwidth I Link 1
) Llnk 2 Available Link 2 Llnk 2 Buék T"ar_‘tSfe"
Capacity Bandwidth I __ap;‘d !
. Available //___—>
Capacity Bandwidth 6———_/_/ —>
T— I
<__/_/_
(A) (B) ()

Figure 2: Network properties measurable with edge based measurement techniques. The research literature has focused
in particular on measuring capacity and available bandwidth. Accurate measurement of the bulk transfer capacity along
a path is a difficult task.

The “speed” that is most often reported and the focus of the tests we discuss in this paper most
closely resembles this bulk transfer capacity. However, measures of capacity and available
bandwidth remain vitally important for network operations, provisioning, and investment
planning. For example, the available bandwidth, or spare capacity, in particular, is a main
determinate of when capacity upgrades are initiated. While very important metrics, these are not
as readily available and are not easily translated directly into an understanding of the end-user
experience, and consequently, are of less interest to consumers.*’

" RFC 3148 “A Framework for Defining Empirical Bulk Transfer Capacity Metrics,” available at:

http://tools.ietf.org/html/rfc3148).

% Industry analysts and large customers may consider issues like the availability of spare capacity to anticipate
market supply and demand dynamics. Such information also has strategic value and so is more likely to be regarded
as confidential by network operators.
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For the purposes of this paper and our further discussion of the various speed metrics, we will
focus on "speed" defined as the bulk transfer capacity of a network measured with one or more
congestion aware transport connections to some destination server. Measuring even this
seemingly narrow and precise notion of “speed” remains a significant challenge, as is often noted
in the research literature.”' For example, test measurements may differ because of differences in
the number of congestion aware transport connections employed in the test, the location of the
destination servers, and other factors that we address further below.

3.2. Average speed definitions

Producing summary statistics by averaging speed measurements over different populations
(multiple users, long time periods, or across geographic regions) is a non-trivial task. It is
common for discussion in the trade press and elsewhere to leave out the explanation for how
summary speed statistics were calculated, instead simply stating the reported measurements
represent the “average speed” for some population. It is as if one were to quote the national debt
and fail to note that the quote was in dollars or yen. In the following sub-sections we highlight
several notions of average speed computations that may be of interest and discuss some of the
measurement issues that may arise.

3.2.1. Average access link speed

Assuming for the moment that there was a speed test that actually isolated and measured the
speed of the broadband access network itself, free from factors outside a broadband providers’
control,” then it is possible to calculate the “average” of such measurements in a variety of
different ways, each with different potential interpretations.

For example, one could average the result of one user running a speed test at different times.
Calculating this is important, but it is not clear that averaging these measurements gives the best
indication of how congested the access network is. A different way of summarizing the same
numbers would be the percentage of the day that the access speed was less than some fraction of
the advertised speed. Such a measure would give some indication of how much congestion that
user encounters.

Alternatively, one might be interested in computing an average that summarized the experience
across users. For example, one could average the result of a number of users taking identical

2 See for instance, R.S.Prasad, M.Murray, C.Dovrolis, and K.C.Claffy. Bandwidth Estimation: Metrics,
Measurement Techniques, and Tools. IEEE Network, 2003 which notes that “Several factors may influence TCP
throughput, including transfer size, type of cross traffic (UDP or TCP), number of competing TCP connections, TCP
socket buffer sizes at both sender and receiver sides, congestion along the reverse path, as well as the size of router
buffers and capacity and load of each link in the network path. Variations in the specification and implementation of
TCP, such as NewReno, Reno, or Tahoe, use of selective ACKs (SACKs) vs. cumulative ACKs, selection of the
initial window size, and several other parameters also affect TCP throughput. [Citations removed]”

** Arguably this is strictly what broadband providers are advertising with their different speed tiers.
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service offerings running a speed test. If this test were run at times when congestion was
unlikely, then it would give some insight into the range of “baseline” performance different users
see. This sort of average might be especially interesting for access based on DSL technology,
since DSL speeds for different users will differ depending on circuit length and quality (see
Figure 3). For other sorts of broadband access technologies (e.g., cable modem broadband), one
would not expect to see a high degree of variation in “congestion-free” speed tests across users
purchasing the same service tier.

If one averaged over congestion-free and congested times, then the results would be harder to
interpret since it would conflate multiple factors (e.g., mixed line lengths that impact the
achievable congestion-free speed for DSL and the impact of aggregate user traffic on shared
facilities).

One could average the result of users with different providers or service offerings. Such a
measurement might be useful for comparing broadband services across markets, but any such
comparisons would need to be approached with caution because of the many factors that
contribute to the differences (e.g., is it because of differences in the mix of technology platforms,
consumer speed tier preferences, or traffic?).

Downstream

Total-VDSL

ADSL2+/FDM

Line Rate

1 2 3 4

Reach (Km)

Figure 3: Line rate obtainable (Mbit/s) against corresponding line length (km) for ADSL, ADSL2+ and VDSL.”

3.2.2. Average end-to-end speed

The appropriate choice for summarizing the speed of end-to-end measurements is problematic.
This is because end-to-end measurements are impacted by the end-user's configuration (e.g., is
the test being run from a user machine on a home WiFi network that is connected to the ISPs

* Figure source: http:/en.wikipedia.org/wiki/ITU_G.992.1. Also see the same page for a corresponding graph that
displays the line rate obtainable (Mbit/s) against corresponding line attenuation (dB).
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broadband service), server performance, TCP tuning, and path performance (e.g., how is traffic
routed beyond the access ISP to the server?).

One could record and average all the speed tests at a given test server. If this data were gathered
at the server, an appropriately instrumented server could distinguish those samples that were
limited by server performance and those that were not (thereby isolating at least one important
source of variability).** If the average included only those samples where the server was not the
bottleneck, then the resulting average might give some hint as to the range of throughputs
different users actually experience when using the Internet, taking all the host and network
effects into account. If the average were computed for a single user access connection, the
measurement might provide a hint as to the level of overall user satisfaction, but even in this
case, it would not allow one to determine whether any service problems were due to the access
ISP's network or due to bottlenecks elsewhere along the path to the server.

Alternatively, one could average all the speed tests made by one client to different servers. These
tests would hold the behavior of the client (e.g. the TCP tuning parameters) and the access link
constant, and see what variation arises from all the other factors, most obviously the round trip
delay and bandwidth of the paths to the different test servers, as well as the servers themselves.
Such an average would give that user some sense of how well his ISP is connected to the rest of
the Internet (e.g. are there bottlenecks to certain other regions). However, this average would be
difficult to interpret since many implementations of TCP show substantial performance variation
based solely on round trip delay. This average might fail to tell the user anything about path
bottlenecks.

As the preceding discussion makes clear, the choice of population over which an average speed
is computed has a huge effect on how the measurement may be interpreted. Since summary
statistics are both necessary and will be used, we caution readers to try and be clear regarding
how average estimates are labeled (and the methods for their calculation explained) so that they
may be interpreted appropriately.

4. Speed measurements

In this section we turn to a discussion of some of the popular speed testing services that are in
current use. While we recognized that the choice of what is measured makes a big difference, we
were surprised by the significant variability across what originally seemed to be attempts to
measure the same thing. In the following sub-sections, we first present some of the data that
stimulated our interest and then the results of our more in-depth analysis of what underlie the
measurement discrepancies for several of the more common testing sites. In light of the attention

** The NDT test (one of the speed tests on broadband.gov) collects information from the TCP stack adequate for this
process. However, we don’t believe they are currently taking this or other non-network bottlenecks into
consideration when looking at the data they have collected.
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that these data have had in the press and broadband policy debates, a closer understanding of
these data is important for their appropriate interpretation.

4.1. Puzzle of broadband speed measurement variability

In Table 1 below, the average US download speeds are reported from Speedtest/Ookla,
Comscore, Akamai, and Youtube. The variation in measured speeds at smaller geographic
regions is even greater. At first glance, the Speedtest/Ookla measurements in this table (and
generally) look like they might be outliers as they consistently report far higher speeds than the
others. Results like these induced us to ask questions like: Did the tighter range of numbers from
other organizations represent confirming evidence that they were actually more representative of
the speed of the broadband access networks? And critically, did each organization have a
sufficiently similar notion of speed to make these results actually comparable?

Reporting site | Reported US download speeds | Reported MA download speeds
Speedtest/Oooka 7.93 mbps™ 11.54 mbps™
Comscore 3 — 4 mbps”’ (none reported)
Akamai 3.9 mbps™ 4.9 mbps”’
Youtube 4.21 mbps™’ 7.39 mbps”'

Table 1: Download speeds reported by various organizations

We were also intrigued when we ran the individual speed tests that were hosted on the FCC's
Broadband.gov website.”> Sequential tests alternated between employing the Speedtest/Ookla
test engine and the NDT test hosted on the Measurement-labs infrastructure.” Figure 4 below
presents screen captures of eight sequential tests run from a cable modem in the Boston area with
a 12 mbps (Powerboost to 15 mbps) service tier. The upload speeds are fairly consistent across
all eight tests. The download speeds for the Speedtest/Ookla are also fairly consistent at 16
mbps. The download speeds however for the NDT tests vary between 2.6 mbps and 14.3 mbps.

* http://speedtest.net/global.php (accessed 5/1/2010)
28 http://speedtest.net/global.php#0.1.1 (accessed 5/1/2010)

27 See U.S. National Broadband Plan http://download.broadband.gov/plan/national-broadband-plan.pdf

Q-3 2009. http://www.akamai.com/stateoftheinternet/
* Akamai Comments on NBP PN24 12-14-2009.pdf

3% http://youtube.com/my_speed (accessed 5/1/2010)

3! http://youtube.com/my_speed (accessed 5/1/2010)

32 http://www.broadband.gov/qualitytest/about/ (accessed 5/7/2010).

* http://www.measurementlab.net/ (accessed 5/1/2010)
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M-lab based NDT tests Ookla-based tests
2622 koos Download Speed: 16806 kbps
2802 kbops ) Upload Speed 2852 kbps
1 177 s Latency 19
o 226 s Q Jitter 3ms
14347 bps Download Speed: 16907 kbps
3 2802 kbps 4 Upload Speed 2907 kbps
159 ms Latency: 36ms
-] 326 Q@ Jitter A
2636 kbps Download Speed: 16745 kbps
5 2829 kbps 6 Upload Speed 2870 kbps
178 ms Latency: 17 ms
(] 226 s Q Jitter 2ms
11443 «ops Download Speed: 16825 kbps
7 2830 ops 8 Upload Speed: 2837 kbps
173 Latency: 19ms
Figure 4. @ 226 = tests on b @ Jrer 6m

Did we just get unlucky and experience access network congestion on the low NDT tests or does
something else account for the variation? The first clue to an explanation comes from noticing
the significantly different latencies measured across the different tests. The Speedtest/Ookla
measurements were all done to a nearby server less than 20 ms away, while the NDT tests all
have latencies greater than 150 ms. After looking at the packet traces for these tests, it became
clear that the NDT tests all happened to connect to one of the measurement lab servers in
Amsterdam.**

The Ookla/Speedtest measurements were much more inline with what we have previously
measured for that broadband connection using testing tools like iperf’> and applications like
wget’® for transfers and tests between MIT (which we know was not a bottleneck because we
have detailed information about how it is configured) and this particular home network. This
suggested more generally that the Speedtest/Ookla numbers might not be an outlier in Table 1
above. Data such as these induced us to engage in in-depth detective work to uncover some of
the core differences across the testing sites.

4.2. Site-specific measurement differences
In the following subsections, we summarize how a number of the best-known speed testing

tools/sites measure speed and highlight some of the issues that arise and may lead one to prefer
one approach over another. Some of the key differentiators include:

* How close is the test server likely to be to the user (i.e. latency)?
* How many TCP connections are used to run the test?

** There are m-lab servers in the United States, in particular, one close to Boston is in NYC. The remote server
selected is based upon both test server load and proximity to the client. The Amsterdam server just happens to
service some of the system load from the Boston area.

35 See http://iperf.sourceforge.net/

36 See http://www.gnu.org/software/wget/
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* How are sample measurements filtered?

These differences can have a significant impact on the resulting speed that is measured. For
instance a test run between a client and server with an average round trip time of 30 ms versus
the identical participants running the same test with an average round trip time of 300 ms can
result in measured speeds that differ by a factor of ten. This is not a paper about potentially
inconsequential measurement differences of 5%.

We begin by discussing ComScore, which is important because it has been relied upon by the
FCC, but is different from the other speed data sources we consider because our analysis is
hampered by a lack of primary data.

In the case of the other sources for speed measurement data, the basis for our work was the
public documentation of methodologies, helpful private conversations with the testing
organizations, and manual inspection of packet traces taken when speeds were being measured.
While this was enjoyable detective work, it is clear that any organization that makes speed
testing tools or results publically available needs to better document their testing methodology.

Beyond better documentation, we would like to see speed testing organizations post a packet
trace of a test and the corresponding measurements they would produce for that trace. (Ideally
this would be a set of traces and corresponding measurements.) Such documentation with trace-
based samples would have greatly assisted us in better understanding and validating the
measurement methodologies.

4.2.1. ComScore

ComScore is a marketing research company’’ that among its services provides data on
broadband speeds based on its own test methodology and measurement infrastructure. Comscore
is of special interest because their data has been used by the FCC and is cited both in reports they
issued in September 2009 documenting the current state of broadband in the United States>® and
in the National Broadband Plan.”

Among the testing data sources we consider here, it is the only one for which we were not able to
analyze primary source data. We had no access to documentation, no ability to manually test
their software, and no chance to examine packet traces of their individual tests. However, a
report by Peter Sevcik (NetForecast, March 2010) on the ComScore data that was submitted to
the FCC identified a number of methodological and other issues that raise concerns that we
share.* The methodological description he had to work from was evidently somewhat imprecise

%7 See http://www.comscore.com/.

%% See http://hraunfoss.fcc.gov/edocs_public/attachmatch/DOC-293742A 1.pdf (accessed 5/7/2010).

%% See http://www.broadband.gov/download-plan (accessed 5/7/2010)

* ComScore ISP Speed Test Accuracy http:/fjallfoss.fcc.gov/ecfs/document/view?id=7020397512.
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or inaccurate.” However, a number of the concerns he raises appear to be valid and potentially
significant sources of measurement error. In particular and as we explain further below, because
ComScore bases its measurements on a single TCP connection, it will tend to significantly
under-state the achievable speed of the broadband network service. The receiver often limits the
speed by advertising to the sender that they do not have adequate buffer space to handle data
transferred more quickly (or more technically the sender is limited by the receiver window
instead of the congestion window.)

Another significant potential source of error identified in Mr. Sevcik's report is the improper
inferences about users’ speed tiers -- particularly on cable networks which employ Powerboost.
ComScore assumes that the maximum speed they measure will be at most 10% above the
advertised Powerboost level. We have packet traces available at our wiki that demonstrate that
this is not a sound assumption.**

4.2.2. Speedtest/Ookla

The Speedtest/Ookla data is based on the test software and measurement infrastructure
developed by Ookla Net Metrics, a developer and vendor of networking testing applications.* In
addition to their test engine, Ookla also maintains a free testing website, speedtest.net. The
speedtest.net site enables visitors to measure their performance to any public Ookla test server
(hosted by partner organizations) around the globe -- hundreds of sites around the world
currently run it. Over 1.4 billion tests have been run using the Speedtest/Ookla engine since it
began operating in 2006.*

The Speedtest/Ookla measurement methodology and summary statistics consistently report the
highest speeds for both individual results and aggregates at the provider, state, and country
levels. Each test consists of measuring the upload and download “speeds” and latency between
the client and server.

4.2.2.1.  Methodology Description

The Speedtest/Ookla testing engine is the measurement methodology that was the easiest to
investigate for a number of reasons. The Ookla company had posted a public description of their

o A response from comScore was published as a comment here
http://www.networkworld.com/community/node/59354#comment-240274. In this comment they provide a
description of exactly how they calculate the speeds addressing a surprisingly common calculation error that arises
because mega has slightly different meanings for file sizes than it does for network bit rates. A 1MB file is actually
1048576 bytes not 1,000,000 bytes.

2 hitp://mitas.csail.mit.edu/wiki

* hitp://www.ookla.com/

* hitp://speedtest.net
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test engine’s general methodology which we reproduce in the table below.*” They also answered
our email and phone queries and updated their test description to clarify a number of steps that
we found unclear. Perhaps most important to furthering our understanding though was our ability
to actually run the test while capturing packet traces. This enabled us to investigate the packet
traces to validate (according to their stated methodology) that the reported speeds were
consistent with the traces. Ookla also offers a free trial server that we installed and ran on MIT’s
campus.*® This enabled us to experiment with various configuration options and capture packets
on both the server and client side.

Download test Upload test

1. Small binary files are downloaded from the 1. A small amount of random data is
web server to the client to estimate the generated in the client and sent to the web
connection speed server to estimate the connection speed

2. Based on this result, one of several file 2. Based on this result, an appropriately sized
sizes is selected to use for the real set of randomly generated data is selected
download test for upload

3. The test is performed with cache 3. The upload test is then performed in
prevention via random strings appended to configurable chunk sizes (pushed to a
each download server-side script via a POST)

4. Up to 8 parallel HTTP threads can be 4. The test can be done using up to 8
used for the test parallel HTTP threads (configurable)

5. Throughput samples are received at up to 5. Chunks are sorted by speed, and the
30 times per second fastest half is averaged to eliminate

6. These samples are then aggregated into anomalies and determine the result
20 slices (each being 5% of the samples)

7. The fastest 10% and slowest 30% of the
slices are then discarded

8. The remaining slices are averaged
together to determine the final result.

We have highlighted in bold the steps that have the most influence on the speeds that are
reported by this methodology. In particular all Speedtest/Ookla sites that we tested employed at
least two (four also being common) TCP connections for tests in each direction. In addition to
being far more likely to run the test to a nearby server®’, the number of TCP connections is the
biggest differentiator of this test and the other methodologies we consider. The combined
throughput of all TCP connections is the input into the next critical step in their methodology
where they filter the throughput samples they take throughout the test period.

* http://wiki.ookla.com/test_flow

6 hitp://www.ookla.com/trial.php

*" The default server is the one geographically closest to the client.
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Before examining the filtering step, we address why Ookla employs multiple TCP connections
and whether that is representative of usage patterns on the Internet today. The answer to this is
quite simple: a single TCP connection is unable to saturate an uncongested link with many of the
operating systems still very common on the Internet (the data we examine in the NDT section
below conclusively demonstrates this). The bottleneck becomes the client system instead of the
broadband access network. By employing multiple TCP connections they don’t harm the
performance of tests running from machines that would be capable of saturating a single TCP
connection, and they gain the benefit of moving the likely performance bottleneck back into the
network (assuming that is what the measurements are trying to understand).

Multiple simultaneous TCP connections are representative of many typical applications on the
Internet today. Web browsers like Firefox, Microsoft’s Internet Explorer 8, and Google’s
Chrome open four to six simultaneous connections per domain. Coupled with the common
practice of websites using two or more sub-domains, the number of simultaneous TCP
connections can easily be four to eight.”® Other applications like peer-to-peer traffic similarly
open multiple simultaneous TCP connections. (There are exceptions to this -- web-based video
traffic tends to be carried on a single TCP connection and large file transfers also employ a
single TCP connection.) So employing multiple TCP connections both increases the odds that the
test will measure a bottleneck in the network and is a representative test for many common usage
patterns.

The next important differentiator for the Speedtest/Ookla methodology relates to how they filter
the test results. Ookla's results are based on disregarding the fastest 10% and slowest 30% of the
measurements collected while the TCP connections were in progress. This is important because
they deliberately do not take the total data transferred divided by the total time — a measure
employed by the ComScore and NDT methodologies (but not the Akamai or Youtube
methodologies). Filtering the sub-samples to retain and average the 60% has been referred to as a
measure of “peak” speed.” We disagree with this characterization. Peak can be defined in a
number of different ways in networking (i.e. the highest sampled interval, the 95™ percentile
sample, etc.), but the average of the 30" percentile though the 90" percentile is not a typical
measure of peak.

The average of the 30" percentile though the 90™ of the samples is most likely higher than the
overall average. So what is the possible justification for excluding time intervals with lower
speed measurements? The answer to this lies in understanding the complicated dynamics of the
TCP protocol. TCP is continually probing the network to find the appropriate sending rate based
upon the capacity and current congestion level in the network. It has complex algorithms that

* Google makes exactly this observation in arguing for an increase in TCP’s initial congestion window as well.
They argue that the effective initial congestion window for browsers today is 80-120 segments for applications like
Google Maps  (instead of 3  segments for the canonical single TCP  connection).
http://code.google.com/speed/articles/tcp initcwnd paper.pdf

# «Consumer Broadband Test Update”, blog posting on http://blog.broadband.gov/?entryld=292153
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have continued to evolve for recovering from lost packets and ramping back up once the loss
epoch has passed.”

Figure 5 presents an annotated Time/Sequence graph produced by the packet capture program
Wireshark that graphically shows the number of packets sent at different time increments and
provides an illustration of some of this complexity. The data is based on capturing one of the
NDT tests mentioned above from the Boston-based client to the server in Amsterdam. The speed
can be inferred by the rise over the run of the dark line at different points. (The lighter line above
it represents the receiver buffer capacity, or receiver window. It is not a bottleneck during this
particular transfer but often is in others.) The question of interest is which slopes to measure in
reporting the “speed” of this transfer? The first packet wasn’t dropped by the network until about
3.5 seconds into the connection. TCP was able to recover most of the lost packets through about
5 seconds but then took a considerable amount of time slowly recovering through to about 10
seconds where it finally starts ramping up its sending rate again. Even then it very conservatively
estimates the network capacity and grows its sending rate more slowly than it did during the
initial 5 seconds of the transfer.

number(8] Time/Sequence Graph

6000000 . .
] TCP finishes retransmitting o

packets and starts to ramp up Pty
5500000 | its sending rate again ol

5000000 —

4500000 —|

4000000—: Network dropped some packets here
3500000—:
3000000—:
zsooooo—:
zoooooo—:
1500000—:

1000000 —

500000 /
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Figure 5: Time/Sequence number plot of a TCP connection that takes a very long to recover from a lost window of traffic.

One cannot definitively infer from this plot when the access network was actually a bottleneck
(if indeed it was at all -- the more likely bottleneck in this particular case was the transatlantic

*% See Bauer, Clark and Lehr (2009) note 10 supra.
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link.) But if we assumed for the moment that the access network was responsible for the lost
packets starting at 5 seconds, is it accurate to take the amount of traffic TCP transferred during
its recovery periods as representative of what the connection was capable of carrying? It is
indeed possible the access network was what constrained the data rate but the fact that no other
packets were lost during this recovery period strongly suggests that more carrying capacity was
available. TCP is deliberatively conservative in recovering from packet losses.

But why does Ookla adopt 60% as opposed to some other fraction of the samples they measure?
If one accepts the argument that not all samples of throughput during a TCP connection are
representative of the actual carrying capacity of the network, which samples are representative?
This is impossible to determine definitively from edge-based measurements. From talking with
Ookla, the decision to retain 60% was an engineering decision based upon a non-trivial but not
necessarily systematic testing. (It would be interesting if this were a configurable parameter of
their test engine then one could easily run a systematic study where all elements of the network
path were carefully controlled. Based upon the testing and packet traces we did conduct,
retaining 60% does not appear to be an unreasonable measure.)

One of the configurable parameters of the Ookla engine is the test length — the default for both
the upstream and downstream direction is ten seconds. This is a variable that does have an effect
on the speeds that are measured particularly on network connections that employ a Powerboost
like technology where the beginning of long transfers will be faster than the long run transfer
speeds. (See Figure 6 where there is a definite knee in the plot bending to a lower speed after the
Powerboost period expires.)

This raises the question, how long should one measure the throughput to determine the speed of
the network? For web content, Google posts the statistical information derived from their web
crawling that suggests that at least 90 percent of pages will easily load with such a Powerboost
window given the total amount of KB per page.’' So primarily measuring the Powerboost period
seems acceptable for web-like usage patterns today. Similarly measuring the Powerboost period
is likely acceptable as representative of the initial buffering period employed by video sites like
Youtube that download an initial buffer quickly and then download the rest of the file more
slowly as the user actively watches it. The iperf test software also adopts the default time of 10
seconds for its tests. This is, of course, not to say that 10 seconds is definitively the right time
interval to measure. This has to be selected based upon what constitutes the workload one is
attempting to approximate with the speed measurement. This is a bit like asking how fast a car is
and wanting different sorts of answers if one is thinking of drag racing over a 100 yards or a
cross-country rally.

5! http://code.google.com/speed/articles/web-metrics.html
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Figure 6: Time/Sequence plot of a single TCP transfer showing a definite knee in the throughput (around ~20MB, 9
seconds) after the Powerboost period.

While performance tests can be run to any Speedtest/Ookla server around the globe, the
Speedtest.net site identifies the geographically closest server to the client. Most users likely
accept this default test server. This is important because latency to the test server can have a
tremendous impact on these (and all other methodologies’) results. Geographically further sites
are usually correlated with lower speeds.”

4.2.2.2.  Implementation

The test is run between a Flash based applet embedded in a webpage and server side hosted on a
web server. The default server to test is the one in closest geographic proximity to the client.
All the calculation of download and upload speeds and latency is performed on the client side.
Each of the simultaneous TCP transfers are HTTP requests to a web server. Testing servers are
located throughout the world run by numerous organizations. Test results are reported back to an
Ookla server that aggregates results from clients.

Since the client is software based, the operating system and computer hardware of the user are
out of the control of the test. The local area network is also out of the control of the test
procedure -- other traffic could be on the local home network from other computers (e.g.,
someone is watching a movie while someone else is executing the test, resulting in a lower speed
test result) or the computer running the test itself (e.g., the computer is running an on-line backup

2 This is not always the case. For a cable modem we test frequently in Boston, the speed to NYC is generally higher
as the route to the default test server in Boston happens to travel down to NYC first then back up to the other
provider in Boston.
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in the background). Tests run from clients connected via home WiFi (802.11) networks may be
experiencing WiFi bottlenecks that would result in slower speed results.

4.2.2.3.  Speedtest/Ookla public data

Summary statistics from the over 1.4 billion Speedtest/Ookla tests have been publically available
for a long time on the Speedtest.net website.”> Speeds are reported for both providers and
different geographic areas like city, state, and country. The method for calculating these
aggregates is to calculate the 95™ percentile speed in each direction for every unique IP address
that has been tested at Speedtest.net. If fewer than twenty tests have been taken the highest speed
measured by an ISP is taken. These numbers are then averaged together for each geographic
level (both overall and per ISP). They currently include all tests ever done using their tool in this
calculation. Data is from August 2006. Their methodology has changed somewhat over time as
they didn’t start using multiple threads until August 2007.

A new analysis of the Ookla/Speedtest data was made available in 2010 on a Netlndex.com
website.’* The key difference in this dataset compared to the one above is that the reported
speed is a rolling average of the throughput measured over 30 days where the mean geographic
distance between the client and the server is less than 300 miles. This is a more timely view into
the data and a view that is more likely to be representative of the broadband access link speeds.
Accordingly these speeds will likely be slightly higher than the other summary views.

Ookla/Speedtest source data is available for research purposes. Source data that provides
completely anonymous daily index values going back to January of 2008 for the geographic
locations in the Netlndex are available publically. The raw data is available to academic
researchers. At this point in time, both of these versions of the data are available for free.
Making these data sets publically available greatly assists academic research and policy analysis.
The publically available M-labs NDT test data is a similarly rich set of raw data. We wish other
organizations publicly reporting speed measurements would likewise make available the
underlying raw data.

4.2.3. Akamai Speed Reports

Akamai is a company that provides content and application delivery services over the Internet.
They operate a content delivery network (CDN) that consists of tens of thousands of servers in
many of the largest 1000 networks on the Internet. Their delivery network serves content for a
wide selection of web sites and thus observe web traffic from a wide selection of end users.” For
both billing and operational reasons they keep fairly extensive logs of clients that connect to their
servers to download content. They have analyzed these logs and produced a “State of the

53 See http://www.speedtest.net/global.php

54 See http://www.netindex.com/

> Selected customer list is available at: http://www.akamai.com/html/customers/customer_list.html
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Internet” report quarterly since the first quarter of 2008. In addition to reporting on connection
speeds, they also present data on attack traffic, Internet penetration and broadband adoption, and
general trends seen in the data. These reports, and similar FCC filings, present the “average
connection speeds” for different geographic areas. This measures the download speeds only;
upload speeds and latencies are not reported.’®

While end users’ normal web activity naturally contributes to the Akamai data set as users visit
sites that serve content through Akamai, users cannot manually test their individual speeds. So
we were not able to gather packet traces and compare them to the speeds that were measured.
Akamai, however, was very responsive to our inquiries for more information.

Akamai states that the connection speeds they report are measurements of throughput between
clients and their Akamai network of servers. They are not intended as a measure of the access
link speed. In particular, when asked about this we were pointed to one of their FCC filings
which notes that “Akamai’s measurements do not conform to the reporting categories of the
FCC’s Form 477 (e.g., speed tiers) but rather are based on measurements that Akamai’s
customers have found useful.””” What they log and analyze is driven by the needs of their paying
customers. We are pleased they choose to analyze and expose their data to contribute to a better
public understanding of the Internet.

While the methodology for producing the raw individual speed numbers is not publically
documented, Akamai informed us that each HTTP GET request to their infrastructure produces a
log entry that includes, among other information, the requesting client IP address, the bytes
transferred and the time duration. From this one can calculate a speed per transfer for a client.
Multiple HTTP requests can be served sequentially over the same TCP connection. So each
individual speed measurement represents some part of the total TCP duration. A benefit of this
methodology is that each request does not need to go through the TCP startup phase —
subsequent requests benefit from congestion state learned by TCP from the preceding requests.

Multiple TCP connections from a single client can be opened simultaneously to the Akamai
servers. Each HTTP request over each connection produces its own speed measurement.
Throughput rates from simultaneous connections per client are not added like in the Ookla
methodology. Because connections to Akamai occur by definition when the user or their
applications are active, simultaneous connections to other non-Akamai servers are also possible.
If the access network were the bottleneck, all of these effects would tend to make the resulting
measurements systematically lower than the access link speed even if there was no congestion on
the access link.

> We would not expect upload speeds as the Akamai infrastructure is setup to serve content to customers.

57 See http://fjallfoss.fcc.gov/ecfs/document/view?id=7020352915
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Akamai maps clients to servers based upon both network proximity and load on the Akamai
servers. In general this will result in clients connecting to nearby servers with low latency (i.e.
the best conditions for measuring TCP throughput.) However, if part of the Akamai
infrastructure does happen to be loaded, clients will be directed to other nearby servers (still
likely close, but not as ideal for measuring throughput.)

The exact details of how Akamai calculates the speed for an individual HTTP transfer is
proprietary. But in general it is obviously a sender side implementation. For performance,
deployment, and maintenance reasons, the estimate of the duration per transfer is almost
assuredly an application level estimate. There are a variety of ways this could be done with a
high degree of accuracy. However, it is non-trivial because the server application writes data to a
socket and does not know exactly when the receiving side acknowledges that data.”

The file sizes that speed estimates are produced for in the Akamai data will vary based upon the
distribution of content Akamai happens to serve. While some other speed tests suffer from
testing the duration of time to transfer a file that is inadequately small and doesn’t allow TCP to
grow its sending rate to fully utilize the available network capacity, this is less likely to be the
case in the Akamai data since their speed estimates are calculated for each HTTP transfer that are
part of a single TCP connection. The earlier transfers will have likely grown the TCP sending
rate. However, if a small file is requested at the beginning of a TCP connection, or is the only
request, the estimate for its transfer speed may have been limited by the rate at which TCP
increases its sending rate, not any actual bottlenecks in the network. These effects would result in
calculating lower connection speeds. Akamai most likely filters some of their log entries in
producing their connection speed estimates to ameliorate some of these effects but we do not
know the exact procedure.

Akamai is measuring regular network activity. So the application, operating system and
computer hardware of the clients connecting to the Akamai server are out of the control of the
measurement methodology. As is de facto the case in the Akamai test, the computer making the
request is engaged in application and, often, other network activity. These effects strictly reduce
the speeds that are measured. The question is how large are these effects? The answer to this is
that it depends upon a great many factors that are not directly knowable. What Akamai measures
is assuredly correlated to the access network speed but should not be taken as an absolute
measure of the performance characteristics of broadband access networks.

>% The Ookla and NDT tests face a similar challenge. Again in both cases we assume it is an accurate estimate.
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4.2.3.3. Public Data

The aggregated data that Akamai publishes is calculated according to the following procedure
taken from their FCC filing:

“[F]or each individual IP address that connects to an Akamai server, daily mean transmission
speeds are collected and used to produce 7-day means. Four consecutive 7-day means are used
to produce a 4-week mean. Then three consecutive 4-week 3 means are used to produce a
quarterly mean speed. Then the quarterly mean speeds for all IP addresses are aggregated and
averaged.”

Akamai has very good geo-location techniques as this is a core part of how they map users to
nearby content servers. So their ability to correctly identify connections as originating from a
particular area is assuredly quite good. They aggregate data across all clients connecting to their
servers, which include universities, businesses, and residential networks. Each of these types has
fairly different connection profiles. It is unclear how the distribution of types of clients varies
across the different regions that Akamai reports on or what fraction each client population
contributes to the averages reported. As others have noted, when Akamai reports the speeds for a
given city it seems likely that the average speed is affected by the presence of universities with
high speed Internet connections.” The point is that the Akamai data characterizes web traffic as
a whole, and is not limited to residential broadband access.

4.2.4. Youtube Speed numbers

Youtube is the video sharing website owned by Google. In early 2010 they began allowing users
to see detailed estimates of the speed Google estimated for their individual connection, provider,
and regions when viewing Youtube videos. Any user can see their data by visiting
http://youtube.com/my_speed. A sample is shown in Figure 7 below for a cable modem user with
a 12mbps connection that has Powerboost to 15mbps.

%9 See http://www.digitalsociety.org/2010/04/the-akamai-speed-report-is-skewed-too/
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Average Speed in Mbps Speed Comparison over Time

Figure 7: http://youtube.com/my_speed

This is a fascinating move by Youtube. Youtube clearly would benefit from higher speeds
between their servers and their end users as they would be able to transport videos that are
encoded at higher qualities. They are explicitly inviting users to compare their speeds to both
competitors ISPs and to speeds in other geographic regions.

We wonder if other content providers (video and otherwise) might soon start exposing similar
performance details for their user populations. Though we have concerns explained below with
how some are likely to interpret the Youtube measurements, we overall think this is a very
healthy and innovative sign for the Internet ecosystem. More systematic and public
measurements about Internet performance will help drive investigations into performance
bottlenecks and motivate individuals and companies to seek the highest performance level for a
given budget.

4.2.4.1. Methodology

In the FAQ Google provides very general information about the methodology they employ for
estimating connection speeds. They note that

We first compute the bandwidth of almost every YouTube video played by
considering the amount of data sent to and acknowledged by the user's machine in a
given time period. Small video responses are excluded as they can add noise to our
bandwidth calculation. This bandwidth estimate of every video played is associated
with a VISITOR INFOI LIVE cookie and with the IP address that requested the
video, but NOT with a YouTube user name.

For the daily speed number as shown in the YouTube speed page we average the
bandwidth for all videos played from a given cookie and IP address across the
course of the day. If a single laptop user uses multiple network connections and
watches videos regularly from these, they could see different speed measurements
and historical data based on which connection they are using.

The measurements for geographical regions are computed by averaging the daily
averages of all users (based on VISITOR INFOI LIVE cookie) who played videos
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in the same geographical region. The measurements for the Internet Service
Provider (ISP) are got by averaging the daily averages of all users (again based on
VISITOR INFOI LIVE cookie) who use the same ISP and are in the same

geographic region.

We were not able to determine exactly what parts of the video stream the speed estimates were
taken from. It cannot possibly be the total data transferred divided by the transfer time of the
TCP connection. The initial buffering period loads the video as quickly as possible; additional
parts of the video then are transferred at fixed intervals as the video is watched. So there are
considerable gaps where data is deliberately not being tranferred. The speed estimates therefore
must be taken during the initial buffering period or during these data bursts. (See the
Time/Sequence plot of a packet capture in Figure 8 with an embedded window zoomed in on the
peroidic data bursts.)
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Figure 8: Time/Sequence plot of a packet capture for a single Youtube video. The initial buffering period loads video as
quickly as possible. Additional parts of the video then are transferred at fixed intervals as the video is watched. The speed
estimates must be taken during the initial buffering period or during the data bursts.

What puzzles us about the Youtube methodology is the results that we get from viewing the
speed report from MIT’s campus. MIT is generally considered to have very good local area
networks, both wireless and wired (gigabit LANs in most places). Traceroutes from MIT to
Youtube reveal that we peer with them at an exchange point in NYC. MIT network
administrators have told us that our connection into that exchange is a gigabit Ethernet link that
has an average load of 30mbps that tends to peak at 50mbps. In other words, our connection to
the exchange doesn’t appear to be the bottleneck.

However, the speed numbers we captured in March (see figure below) from two computers on

the same floor of our lab at MIT were both remarkably different and much lower than we

expected. (The misidentification of the 18/8 network as a non-Cambridge network have since

been corrected.) Both 18/8 and 128.30/16 have a mixture of wired and wireless computers, both

these computers happened to be on wired networks. MIT users certainly have capacity to transfer
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data to many different places at speeds well in excess of 10 mbps. But what surprises us is the
amount of variation seen in the measurements across the month. MIT’s capacity did not vary
over this time period and the network load did not vary by an amount sufficient to cause these
variations in speeds either.

128.30.93.224 18.26.0.106

Speed Comparison over Time Speed Comparison over Time

Google assuredly did not make a simple calculation error. So why did they measure the speeds
they did? There are a number of possible explanations for this. They may have changed their
measurement methodology over time as the line “Small video responses are excluded as they can
add noise to our bandwidth calculation” was added to the FAQ after the initial release of their
site. We have no indication of whether or not this occurred. They would likely need to change
this lower size limit over time as connection speeds rose. This gives one possible clue to why
MIT's numbers may vary so much. Measurements of MIT's speed may be very noisy because our
connections are so fast. Since Youtube must be taking their measurements from parts of the TCP
connection, potentially TCP doesn’t have time to ramp up fast enough to fully exploit the
available capacity or their ability to accurately time very fast connections may be limited.

Their methodology simply may be much more tuned for measuring the experience of typical
residential broadband customers. The Speedtest/Ookla methodology for instance has various
configuration parameters (like the file sizes and number of TCP connections) exactly for tuning
the test methodology to better measure certain expected ranges of connection speeds. On the
residential broadband networks we have tested, the speeds reported by Youtube are consistently
lower than the speeds we are able to measure with either the Speedtest/Ookla site or the manual
testing we do with tools such as iperf that we mentioned above.

This suggests to us that while the speed numbers reported by Youtube likely are correlated with
the broadband access network performance they should not be interpreted as an absolute measure
of performance. In particular the performance bottleneck may not be the broadband access
provider itself. The Youtube speed data is presented in such a way that seems easy to
misinterpret as directly attributing the measured speeds to the access ISP itself (i.e. labeling the
speed results with “Your ISP/network™ instead of the end-to-end path that includes the user, their
ISP, the upstream ISPs, and finally Youtube itself). Any of these can be the performance

Page 29 of 39



Exhibit A

bottleneck. The FAQ notes® that “[t]here are many factors that affect the video speed. Some of
the factors that impact the video speed are the Internet Service Provider you are using, the
distance from your computer to Google servers, the computer you are using, other devices in
your network such as other computers and Internet connected appliances. etc.” Most customers
and policy makers though may not notice these caveats and incorrectly assume the numbers can
be compared to the speed tier they selected.

4.2.5. M-Labs Network Diagnostic Test (NDT)

In addition to the Ookla/Speedtest, the Network Diagnostic Test (NDT) is the other major test
currently running on the broadband.gov website. Before its use by the FCC, this test was being
employed by the scientific community to understand performance on their high capacity research
networks.®’ It then became one of the many network tests hosted on the Measurement Lab (M-
lab) server infrastructure.®> It has also recently been integrated into application software from
Bittorrent.” In general it is a widely used test for measuring TCP throughput in both the upload
and download direction.

Its importance as a testing tool lies in the extensive logs of TCP state variables it collects. It
leverages an instrumented TCP stack® to track the evolution of the connection state over time.
(It also collects a packet trace of every test -- one could not hope for more raw data from the test.
Essentially everything is collected.) The TCP state collected by the NDT test is now specified in
an IETF standard.®

In other words, this is an excellent testing tool and infrastructure. The insights to draw from this
data, however, are not simple averages of the upload and download speeds from different user
populations. This, in fact, would not be an appropriate use of the data as far too many factors
confound such an interpretation. Rather the value of the NDT data is in understanding the
sources of the performance bottlenecks for today’s network users. Analyzing the publically
available data®® from this test has been very helpful in advancing our own understanding of the
performance bottlenecks on today’s broadband networks.

0 FAQ available at http://www.google.com/support/youtube/bin/answer.py?answer=174122

%1 See http://fasterdata.es.net/expected.html

62 See http://www.measurementlab.net/

63 See http://blog.bittorrent.com/2010/01/25/easier-setup-in-%C2%B5torrent-2-0-and-measurement-lab-

collaboration/

%4 See http://www.web100.org/
% RFC 4898, “TCP Extended Statistics MIB” http://www.ietf.org/rfc/rfc4898.txt

% http://developer.amazonwebservices.com/connect/entry.jspa?externallD=3 190&categoryID=279
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Understanding these local bottlenecks is indeed one of the prime reasons the test was built in the
first place. Documentation on the NDT webpage® notes:

Several studies have shown that the majority of network performance problems occur in or near
the users’ desktop/laptop computer. These problems include, but are not limited to, duplex
mismatch conditions on Ethernet |...] links, incorrectly set TCP buffers in the user’s computer,
or problems with the local network infrastructure. The NDT is designed to quickly and easily
identify a specific set of conditions that are known to impact network performance.

4.2.5.1.  NDT Test Methodology

The primary NDT tests of interest for this paper are the inbound and outbound speed tests.
(There are also checks for middleboxes and firewalls that are conducted.) The speed measured
in both directions is the total bytes written/read from the server side socket divided by the test
duration (therefore obviously a measure of a single TCP connection). This is an interesting
slight measurement asymmetry for the tests in both directions as the bytes read by the server
have successfully traversed the network. However the bytes written to the socket have not
definitively made it to the client yet. So the download speed might be ever so slightly higher
than the upload speed for simple methodological reasons. This effect is very negligible and we
only point it out to demonstrate that even for the same testing tool “speed” may be measured in
slightly different ways. The Ookla/Speedtest engine similarly measures both upload and
download speeds from the same side for both tests so is also slightly asymmetric in its
measurement approach. In both cases implementation reasons dictate how the speed is
measured.

In the NDT test the sender tries to send as much data as possible during the ten second test
period. This differs from the Akamai and Comscore approaches which time the download of a
fixed amount of data but parallels the Ookla/Speedtest approach that will generally still be
downloading data when the ten second test completes. As broadband speeds increase, tests that
attempt to download as much data as possible have the potential to download a significant
amount of traffic.

4.2.5.2.  NDT Implementation

The NDT test consists of a client program that comes in the form of a Java applet and a
command line version. The version running on the broadband.gov website has a more user
friendly Flash based facade over the Java applet but the downside is that this hides most of the
valuable explanatory data produced by the test. The entire source code for both the server and
client side is publically available.®® The server side consists of a webserver and testing and

%7 See http://www.internet2.edu/performance/ndt/

%8 See http://www.internet2.edu/performance/ndt/download.html
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analysis engine. The key to the server side functionality is the instrumentation of the operating
system’s TCP stack which allows detailed connection statistics to be captured every 5 ms for
every test. A packet trace of every test is also captured.

Clients can manually select the test server to connect or can be assigned automatically to a server
based by the Donar (Distributed server selection for cloud services) infrastructure.”” This
automatic selection of servers is based upon both proximity of the client to different test servers
and the load on the infrastructure as a whole. This is in contrast to the Ookla infrastructure
where the automatic server selection is based only on geographic proximity but mirrors the
Akamai infrastructure which similarly takes load into account.

4.2.5.3. NDT Public Data

All data from NDT tests run between February 2009 and September 2009 were made available
by the M-labs project on the Amazon web services site in December of 2009.”° This represents
over 500 GB of test data. This is an impressive amount but dwarfed in size by the amount of
NDT data that will be eventually publically available on a new Google service called BigQuery.
As of May 2010, BigQuery contains M-Lab logs generated between February 2009 and May
2010 by the NDT test (and one other M-Lab test).”' This consists of over 60 billion rows of data
corresponding to 6 million broadband speed tests.”

To our knowledge there has not yet been an analysis of either of these data sets. We therefore
analyzed all the data tests run between February 2009 and September 2009 in the first data set as
that was all that was available. This consisted of approximately 380,000 tests of which 71,000
were in the US.”> The median speed for all tests in the United States was 4.9 mbps and the
average speed was 8.9 mbps. (See Figure 10 for a histogram of speeds.)

% See http://donardns.org

0 Qee http://developer.amazonwebservices.com/connect/entry.jspa?externalID=3190&categorylD=279
" See http://code.google.com/apis/bigquery/docs/codelab-mlab.html

2 See http://www.measurementlab.net/news/2010/apr/01/good-data-better-no-data-m-lab-built-continually-improve-
data-collection-efforts

7 There are approximately 400,000 tests in the actual data set. We excluded tests that for instance did not last
between 10 and 11.5 seconds or were otherwise broken. The dataset of connections we analyzed is publically
available to anyone interested in extending or verifying our analysis.
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Histogram of Speeds for USA Download Tests
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Figure 10: Histogram of speeds for download tests in the United States.

But as we stated above, these simple summary statistics tell us little about broadband networks as
over one third of the tests (34% in the US and 38% in the entire dataset) never used all the
available network capacity. The median and average speed for the uncongested tests in the
United States was 5.5 mbps and 8.7 mbps respectively. For these tests, TCP never grew its
sending rate to a level that caused any network congestion. More technically, the number of
multiplicative downward congestion window adjustments due to all forms of congestion signals,
including Fast Retransmit, ECN and timeouts was zero. The multiplicative decrease portion of
TCP congestion control was never invoked.

What was constraining the sending rate if it wasn’t TCPs response to network congestion for
these tests? The answer is the receiver window (rwnd) advertised by TCP. The receiver window
tells the sender how much buffer space the receiver has to store incoming data. This is generally
determined by the operating system but can be tweaked by users or applications though this is
not particularly common. If the receive window is the bottleneck there is a simple formula that
predicts the speed that will be achieved -- the receiver window divided by the round trip time
(Rwnd/RTT).

Figure 11 is a scatter plot of the measured download speeds for a test versus the average round
trip time for a connection. The plot on the left is the subset of all tests that did not receive any
congestion signals, on the right is all tests. The overlaid receiver window plot lines represent the
theoretical speed predicted by the formula rwnd/average-RTT. Each test is color-coded by the
range of the max receiver window TCP sent during the connection that the test falls into. For
example, blue dots (near the third line from the top) correspond to tests with a max receiver
window that is greater than 16KB and less than 64KB. (We actually shift each of these bucket
boundaries upward by 10,000 bytes to account for differences in the windows advertised by
different OSes.)
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USA Download Speed Tests (no congestion signal) USA Download Speed Tests
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Figure 11: Scatter plots of the measured download speeds for a test versus the average round trip time for a connection.
The plot on the left is the subset of all tests that did not receive any congestion signals, on the right is all tests. The
receiver window (rwnd) plot lines represent the theoretical speed predicted by the formula rwnd/average-RTT. Each test
is colored coded by the range the max receiver window TCP sent during the connection falls into. Blue dots (near the
third line from the top) for instance have a max receiver window that is greater than 16KB and less than 64KB. (We
actually shift each of these bucket boundaries upward by 10,000 bytes to account for slight difference in the rwnd
advertised by different OSes.)

There are a number of lessons to take away from these plots.”* The first is that the receiver
window has a considerable effect on the speeds that can be achieved. If one looks at any vertical
column of tests for clients that share similar round trip times, a main cause of differences is
different receive windows. A second lesson is that the average round trip time has a
considerable effect on the speed. Consider clients that have advertised similar receive windows
(say, for instance, those in blue that have around a 64 KB window a common number for
Windows XP boxes). The maximum speed measured for any of these drops off rapidly as the
average round trip time increases. This demonstrates why server selection is so important for the
speed that can be measured.

4.3. Applications and other websites which provide speed measurements

In this section we consider various applications and other websites which provide user visible
speed measurements. These are measurements provided by applications like web browsers and
websites that are likely found by users looking to test their speed. For example, the CNET

™ There is a considerably number of other insights to be gathered from these NDT tests but we do not expand upon
it here. We plan to include our expanded analysis in other papers.
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bandwidth tester, which we consider below, is in the top ten Google search results obtained when
one searches for “broadband speed test.” While the ones we consider here don’t feed into any
aggregate statistics, they are often seen and noted by end-users.

When downloading a file in a web browser, the total transfer speed is often presented at the end
of the connection like in Figure 12 below from the Internet Explorer which notes that the SMB
file was transferred in 3 seconds which is displayed as 1.66MB/sec or 13.3 mbps. What is
interesting is that the packet capture shows that the transfer actually occurred within 2.2 seconds
implying a throughput of 19.7 mbps. Evidently, Internet Explorer rounded up to the nearest
second which for a short file transfer of SMB represents a significant time increase impacting the
overall measured speed by more than 6 mbps. (Incidentally, this transfer occurred on a 12mbps
connection with 15mbps Powerboost.)

Download complete (R =] @
/%
- Download Complete
5M.bin from 18.26.0.106
Downloaded: 5.00MB in 3 sec
Download to: C:\Users\bauer\Downloads\5M.bin
Transfer rate: 1.66MB/Sec
|Close this dialog box when completes:
Open l l Open Folder l [ Close
, 1 SmartScreen Filter checked this download and did not report any threats.
v Report an unsafe download

Figure 12: Internet Explorer dialog box that displays information that the file transfer rate was 13.3 mbps while the
packet client side packet capture clearly demonstrates that the transfer rate was 19.7 mbps. The probable rounding up of
the transfer time for this relatively small file was the likely source of this discrepency.

We find the CNet bandwidth meter to be wildly inaccurate. For a 12mbps with Powerboost to 15
mbps connection, CNet exclusively measures the download speeds as being below 2 mbps (see
Figure 13). They calculate this speed by timing the download of a single image file using
Javascript. While there are other sources of inaccuracies”” the most significant in our view is that
the file size is far too small particularly given the inaccuracies of timing the download in
Javascript.

5 See http://www.rankingtoday.com/net/speed-test-comparison.php for a detailed examination of CNet and other
browser based speed testing sites.
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28.8 Kbps | Diakup 28 8K
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53.3Kbps | Diakup 56K
384.0 Kbps | Ds/cable 384k
768.0 Kbps | psucable 768k

1301.9 Kbps - | 1301.9kbps
You

Figure 13: CNet bandwidth test conducted on a 12mbps cable modem.

These sources of misinformation make it potentially confusing for end users to understand how
the broadband service they buy is actually performing. The broadband access networks certainly
can be the source of performance problems and bottlenecks, but there are many other sources of
problems as well.

S. Why speed matters

While we hopefully have convinced the reader from the preceding discussion that there is no
definitive definition of a “right” measure for broadband speed, it is worth emphasizing that speed
will remain an important and focal statistic for characterizing broadband service. Speed does
matter but it is not all that matters.

There are a number of reasons for why so much analysis and discussion focuses on speed.
Broadband speed is one of the most significant technical characteristics impacting the quality of
the user experience (how well different applications may run). The raw data rate that broadband
supports is important for the design of applications (e.g,. video encoding rates), devices (e.g., [/O
speeds supported), and complementary infrastructure (e.g,. transport backhaul, required buffer
memory, and switching fabric design). According to one report: “While 93% of broadband users
claim to be satisfied with their experience of web browsing, satisfaction rates are lower for all
other services which require the streaming or downloading of content and therefore benefit from
higher speeds and/or more consistent performance.”’® Thus, a lack of availability of sufficiently
high-speed broadband access services may be responsible for holding back the next generation of
Internet applications and innovation.

Broadband speeds provide a rough way to characterize the type of infrastructure and may be
used as shorthand for the level of investment needed or the quality of existing services. Although

"® http://www.ofcom.org.uk/research/telecoms/reports/bbspeed_jan09/bbspeed jan09.pdf
Page 36 of 39



Exhibit A

speed is not the only determinant of the technical quality of service, it is one of the important
characteristics and is often positively correlated with other indices of service quality (e.g.,
latency, jitter, packet loss, etcetera).”’

The market has focused on advertised "up to" peak download speeds as the single most often-
cited technical characteristic for differentiating service offerings. Service providers typically tier
their service offerings based on price and speed (and other service terms that may be described in
the small print) with services offering higher peak data rates being offered at higher prices.
Customers self-select into appropriate speed tiers based on budget considerations (how much can
they afford to spend for broadband?) and expected cost-benefit tradeoffs (how much better
performance will be realized and how much will that matter if a higher speed/more expensive
service is selected?). Consumers with different usage profiles may compute the cost-benefit
tradeoffs differently (e.g., heavy video users may value speed more than light email users).
Moreover, consumers differ widely in sophistication about the technical characteristics of
different services and their willingness-to-pay for broadband service evolves over time.

Policymakers have also focused on speed as a metric of merit for defining/characterizing
broadband services. It is used to segment broadband service markets. This renders the
appropriate characterizations of speed relevant for market power assessments and potentially for
defining quality-of-service standards and identifying what services qualify for what type of
regulatory treatment.”® The FCC's broadband data collection efforts currently differentiate
broadband according to speed tier combinations of upload and download speeds.”

In the following sub-sections, we consider some of the ways in which policymakers may make
use of speed measurements and data.

5.1. What can be advertised?

One question policymakers face is whether a speed that is advertised has to be a speed that can
be actually measured with a test. Personally, we would not like to see a 100 mbps Ethernet link
have to be advertised as a 96 mbps speed tier (because one can never measure a 100 mbps TCP

7 Latency, jitter, and packet loss are all phenomena that occur because queues of packets build up within network
devices. For a fixed level of demand, a faster link will be capable of draining queues more quickly (or preventing a
build up in the first place) thus reducing the latency, jitter, and the potential for queues to overflow resulting in
packet loss.

" The new European regulatory framework that was adopted in the fall of 2009 allows national regulatory
authorities to define minimum quality of service standards for broadband. If adopted, any such definitions will
surely include reference to broadband speeds. More generally, if broadband-specific regulations are adopted, there
will be a need to determine what services qualify as "broadband" service and what do not.

7 See "FCC Releases new Census tract-level data on high-speed Internet services," Press Release, Federal
Communications Commission, February 12, 2010, available at:
http://www.fcc.gov/Daily Releases/Daily Business/2010/db0212/DOC-296234A1.pdf. The FCC's data collection is
based on advertised transmission speeds and includes services offering at least 200 kbps transmission speeds.
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throughput on such a link). So a government rule that said one can only advertise a given speed
if that speed can be measured with a particular testing methodology would be undesirable from
our perspective. The advertisement of access link speeds or provisioned speeds (or something
below either) should be acceptable. Noting that a service is 100 mbps is useful to technically
sophisticated customers and consumer advocates who would generally understand that to be a
100 mbps Ethernet.

However, the example from the previous paragraph becomes more complex if scaled down to
lower speed service offerings. If a provider advertised up to 10 mbps but only delivered 5 mbps
most of the time (measured with a test that carefully identified the network performance of the
broadband provider) we would be sympathetic to a consumer that this was potentially
misleading. Particularly for some broadband technologies, like wireless and DSL, it can be very
difficult for a provider or consumer to tell a priori what speeds will be possible. In the case of
DSL, the distance to the upstream equipment has a very significant effect of the speeds that can
be achieved. This is frustrating, but partially unavoidable, for consumers that have to try the
service to understand what they will actually experience. For networks that are not as sensitive to
the distance from the subscriber to the upstream aggregation point, a large consistent discrepancy
between the advertised speed and achieved speed is more troubling.

It is reasonable to anticipate that speed measurements averaged over geographic areas or
provider networks may be used for benchmarking. Such benchmarking, if sufficiently accurate,
might be useful for targeting broadband stimulus funding or to evaluate earlier investments. It
could be useful to help identify service problems or to highlight best practices.

Because of the strategic potential for such data to influence behavior (e.g., induce consumers to
switch to another broadband service provider or policymakers to target remedial actions), there is
a concern that the data be (a) accurate and (b) immune from manipulation. For example, if two
ISPs are compared, it is important that the measurements actually focus on the services offered
by the two ISPs rather than other exogenous factors that impact performance (e.g., potential
differences in the user behavior of their customer base which may be reflected in systematic
differences in the applications used, destination servers, or configuration of user-premise
equipment). Furthermore, any comparisons need to be contextually relevant. For example,
suppose daily rankings show two ISPs flip-flopping, then while it might look as if one ISP was
providing better service on any particular day, there would not be any evidentiary evidence for
identifying a better ISP over time. The appropriate presentation and interpretation of data will
depend, in part, on what the data actually shows (not just statistical means, but also variances and
higher statistical moments).

We regard as highly desirable efforts to implement special test infrastructures and tools such as
those offered by SamKnows, the consultancy that OfCom employed for its assessment of the
condition of broadband services in the United Kingdom. The SamKnows approach involves
deploying a set of measurement servers and testing nodes that allows for tighter isolation of
broadband access connection behavior than is afforded by other approaches. While this approach
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offers better isolation and control over many aspects of what one might like to measure, it is not
without its own limitations. The population of potential test sites is much more limited. So while
we believe the SamKnows approach is a useful complement to other measurements, we expect
other measurements to continue to be useful as well. Multiple testing methods and infrastructure
will provide unique insights from each as well as enable cross-validation of results.

6. Conclusion

Broadband access networks are the vital bridges tying users to the communication, content,
entertainment, and marketplaces of the Internet. A healthy broadband service market will include
a differentiated menu of service offerings from (hopefully) multiple broadband ISPs. For
efficiency, market participants will need information about the range of choices available, the
associated pricing, and information about the quality of service associated with the different
offerings. Today, speed or data rate is the single most important technical metric for
characterizing broadband service with faster speed equating to better performance (holding other
characteristics like price constant).

However, in the next few years, as the average speed of broadband increases, and the markets
become more sophisticated, we expect that attention may shift towards a more nuanced
characterization of what matters for evaluating the quality of broadband services. Issues such as
availability (reliability) and latencies to popular content and services may become more
important in how services are advertised and measured. We welcome such a more nuanced view
and believe it is important even in so far as one's principal focus is on broadband speeds.

The main objective of this paper has been to facilitate the informed discussion of broadband
performance and advocate for a more nuanced interpretation of the speed data that is cited today.
We have highlighted different definitions for broadband speed. This variability in what one
wants from a broadband speed measure helps account for some of the variability in speed
metrics. There is no single best measurement approach for all situations.

We present a detailed analysis of some of the sources of methodological differences associated
with several of the more popular measurement sources in use today. In addition to its value in
enhancing our understanding of public data sources, these methodological differences provide a
cautionary tale for those who are too quick to quote empirical measurement results without
understanding precisely how those measurements are derived.

We hope that this paper and the associated research will contribute to an active and better
informed discussion among all industry participants about speed metrics. We believe competitive
broadband markets will work better with more information and better data -- and better
understood data -- about broadband speeds.
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